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SURFACE RECEPTOR COMPT .y.^.S AS BI OMARKERS 

5 

Field of the Invention 

The present invention relates generally to biomarkers, and more particularly, to the use 
of cell surface receptor coniplexes, such as dimers and oligomers, as biomarkers? 



10 Background of the Invention 

A biomarker is a characteristic that is objectively measured and evaluated as an indicator 
of normal biological processes, pathogenic processes, or pharmacological responses to a 
therapeutic intervention, Atkinson et al, Qin. Pharmacol. Hier., 69: 89-95 (2001). Biomarkers 
vary widely in nature, ease of measurement, and correlation witti physiological states of interest, 

15 e.g. Frank et al. Nature Reviews Drug Discovery, 2: 566-580 (2003). It is widely beUeved that 
the development of new validated biomarkers will lead both to significant reductions in 
healthcare and drug development costs and to significant inq>rovements in treatment for a wide 
variety of diseases and conditions. Thus, a great deal of effort has been directed to using new 
technologies to find new classes of biomarkers, e.g. Petricoin et al, Nature Reviews Drug 

20 Discovery, 1: 683-695 (2002); Sidransky, Nature Reviews Cancer, 2: 210-219 (2002), 

The interactions of cell surfece membrane coiqponents play crucial roles in transmitting 
extracellular signals to a cell in normal physiology, and in disease conditions. Jn particular, 
many types of cell sur&ce receptors xmdcrgo dimerization, oligomerization, or clustering in 
connection witii the transduction of an extracellular event or signal, e.g. ligand-receptor binding, 

25 into a cellular response, such as proliferation, increased or decreased gene expression, or the like, 
e.g. George et al. Nature Reviews Drug Discovery, 1: 808-820 (2002); Mellado et al, Ann. Rev. 
Immunol, 19: 397-421 (2001); Schlessinger, Cell, 103: 211-225 (2000); Yarden. Eur. J. Cancer, 
37: S3-S8 (2001). The role of such signal transduction events in diseases, such as cancer, has 
been the object of intense research and has led to the development of several new drugs and drug 

30 candidates, e.g. Herbst and Shin, Cancer, 94: 1593-1611 (2002); Yarden and Sliwkowski, Nature 
Reviews Molecular CeD Biology, 2: 127-137 (2001); McCormick, Trends in Cell Biology, 9: 53- 
56 (1999); Blume-Jensen and Hunter, Nature, 411: 355-365 (2001). 

Expression levels of individual cell surface receptors have been used successfully as 
biomarkers, e.g. Slamon et al, U.S. patent 4,968,603 (Her2 expression). However, individual 

35 receptor expression level alone is not always a reliable indicator of a disease status or condition, 
e.g. Chow et al, Clin. Cancer Res.. 7: 1957-1962 (2001) (EGER, or Herl, expression). Despite 
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the important role that receptor dimerization plays in cellular and disease processes, receptor 
dimer expression has not been enrployed as a biomarker, in part due to the inconvenience and 
lack of sensitivity of current measurement technologies and the inabiUty or impracticality of 
using such technologies to carry out measurements on patient samples, which may be formalin 

5 fixed and/or in too small a quantity for analysis, e.g. Price et al. Methods in Molecular Biology, 
218: 255-267 (2003); Stagljar, Science STKE 2003, pe56 (2003); KoU et al, hitemational patent 
publication WO 2004/008099; Golemis, editor, Protein-Protein Interactions (Cold Spring Harbor 
Laboratory Press, New York, 2002); Sorkin et al, Cuir. Biol., 10: 1395-1398 (2000); McVey et 
al, J. Biol. Chem., 17: 14092-14099 (2001); Salim et al, J. Biol, Chem., 277: 15482-15485 

10 (2002); Angers et al, Annu. Rev. Pharmacol. Toxicol., 42: 409-435 (2002); SzoUosi et al. 

Reviews in Molecular Biotechnology, 82: 251-266 (2002); Matko et al, Meth. in EnzymoL, 278: 
444^62 (1997); Reed-Gitomer, U.S. patent 5,192,660. 

In view of the above, the availability of a new class of biomarkers in patient samples 
based on &e jiresence, absence, and/or profile or ratios of cell surfiuse receptor dtmers or 

15 conq)lexes involved with key intracellular processes, such as signal transduction, would advance 
the field of medicine by providing a new tool for diagnosis, prognosis, patient stratification, and 
drug development 

SUMMARY OF THE INVENTION 

20 The inventicm is directed to a new class of biomarker conq>rising receptor complexes in 

cell sur&ce membranes of patient cell or tissue sanq)les, including samples preserved by 
conventional procedures, such as fieezing or fixation. In one aspect, the invention includes a 
meAod of determining the status of a disease or healthfiil condition by correlating such condition 
to amounts of one or more receptor complexes in cell sur&ce membranes in a cell or tissue 

25 sanople fix>m an individual. In another aspect, the invention includes a method of determining a 
status of a cancer in a specimen fi'om an individual by correlating measurements of amounts of 
one or more sur&ce receptor complexes in the specimen to such status. The invention 
additionally provides a method of predicting the effectiveness of dimer-acting drugs, for 
exan5)le, in cancer therapy, by relating numbers and types of drug-responsive dimers to efficacy, 

30 or a likelihood of patient responsiveness. 

In one aspect, the invention permits the determination of a disease status of a patient 
• suffering from a disease characterized by aberrant expression of one or more cell surface receptor 
complexes by the following steps: (i) measuring an amount of each of one or more cell surface 
receptor complexes in a patient sample; (ii) comparing each such amount to its corresponding 

35 amount in a reference sample; and (iii) correlating difiFerences in the amounts from the patient 
sample and the respective corresponding amounts from the reference san:iple to the disease status 
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the patient. A patirat sample may be fixed or firozei^ however, preferably, a patient sample is 
fixed using conventional protocols. 

In ano&er particular aspect, the invention provides a method of predicting fi?om 
measurements on patient samples, especially fixed sanqjles, the effectiveness of, or the 

5 responsiveness of a patient to, dimer-acting drugs for treating aberrant fibrotic conditions, the 
dimer-acting drugs acting on PDGF receptor complexes, including but not limited to, one or 
more of PDGFRa homodimers, PDGFRp homodimers, PDGFRa- PDGFRP heterodimers, 
PDGFR-SHC, PDGFR-PDK, Herl-PDGFR receptor dimers, Her2-PDGFR receptor dimers, 
Her3-PDGFR receptor dimers, and PDGFR-IGF-IR receptor dimers. In other embodiments, 

10 such PDGF receptor complexes are selected fi^om the group consisting of PDGFRa homodimers, 
PDGFRj3 homodimers, and PDGFRa- PDGFRP heterodimers. 

In anofliCT particular aspect, the invention provides a method of predicting from 
measurements on patient samples, especially fixed samples, the eflFectiveness of, or the 
responsiveness of a patient to, dimer-acting drugs for treating aberrant angiogenesis, particularly 

15 in solid tumors, the dimer-acting drugs acting on VEGF receptor complexes, including but not 
limited to, one or more of VEGFRl homodimers, VEGFR2 homodimers, VEGFR1-VEGFR2 
heterodimers, VEGFR2-VEGFR3 heterodimers, VEGFR2-SHC complexes, and VEGFR3-SHC 
complexes. * 

hi another aspect, the invention provides a method of determining a status of a cancer in 

20 a patient by determining amoxmts of one or more dimers of cell surface membrane receptors or 
relative amounts of a plurality of dimers of cell surface membrane receptors in a cell or tissue 
sample bom such patient. In one embodiment, such dimers are measured using at least two 
reagents, referred to herein as reagent pairs, that are specific for different members of each 
dhnen one reagent, referred to herein as a cleaving probe, has a cleavage-inducing moiety ttiat 

25 may be induced to cleave susceptible bonds within its immediate proximity; and ttie other 
reagent, referred to herein as a binding conqpound, has one or more molecular tags attach by 
linkages that are cleavablc by the cleavage-inducing moiety. In accordance with the 
embodiment, whenever such different members form a dimer, the cleavable linkages are brought 
within the effective cleaving proximity of the cleavage-inducing moiety so tiiat molecular tags 

30 are released. The released molecular tags are then separated firom the reaction mixture and 
quantified to provide a measure of dimer formation. 

In another aspect of the invention, receptor dimers in a patient sample are measured 
ratiometrically; that is, the amount of a dimer is given as a ratio of a measure of one conqK)nent 
present in tiie dimer to a measure of the total amount of the oflier con^Kment of the dimer, 

35 whether it is present in the dimer or in monomeric form. In one embodiment, typical measures 
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include peak height or peak aiea of peaks in an electropherogram that are conelated to particular 
molecular tags. 

hi a particular embodiment of this aspect, the invention provides a mefliod of 
determining a status of a cancer in a patient by simultaneously dctennining amounts of a plurality 
of Her receptor dimers in a fixed tissue sample fiom the patient Such dimers may be measured 
using at least two reagents that are specific for different members of each dimen one leagpnt, 
referred to herein as a cleaving probe, has a cleavage-inducing moiety that may be induced to 
cleave susceptible bonds within its immediate proximity; and the other reagent, refented to herein 
as a binding compound, has one or more molecular tags attach by linkages that are cleavable by 
the deavage-indudng moiety. In accordance with the embodiment, whenever Her receptor 
dimers form, the cleavable linkages of the binding compounds are brought witWn the effective 
cleaving proximity of flie cleavage-inducing moiety so that molecular tags are released. The 
molecular tags are then separated fiom fte reaction mixture and quantified to provide a measure 
of Her receptor dimer populations. In another enabodiment of this aspect, relative amounts of a 
15 pluraHty of Her receptor dimers are measured and related to a status of a cancer in a patient 
Exemplary cancers include, but are not limited to, breast cancer, ovarian cancer, and prostate 



10 



cancer. 



The present invention provides a new class of biomarkers conqmsing measures of the 
amounts of receptor complexes in patient samples. In particular, profiles of receptor complex 

20 populations may be correlated to disease status of a patient, and in some embodiments, to 

prognosis, efficacy of dimer-acting drugs, and likelihood of patient responsiveness to therapy. In 
accordance with the invention, short comings in die art are overcome by enabling the direct 
measurement of receptor complexes in patient samples without the need to culture or otherwise 
process the ceU or tissue samples by. methodologies, such as xenografling, that increase cost and 

25 labor as well as introducing sources of noise and potential artifacts into the final assay readouts. 
The present invention also provides a surrogate measurement for intracellular receptor 
phosphorylation, or other modifications that are easily destroyed in sample preparation 
procedures. Such surrogate measurements are based on the measurement of complexes, such as 
PDK or SHC-receptor complexes, and the like, that depend on the above modifications their 

30 formation and that are less affected by sarrple preparation procedures. 

BRIEF DESCBTPTTON OF T HK DRAWINGS 
Figures 1 A-IF illustrate diagrammatically the use of rdeasable molecular tags to 
measure receptor dimer populations. 
35 Figures IG-IH illustrate diagrammatically the use of rdeasable molecular tags to 

measure cell surface receptor con^lexes in fixed tissue specimens. 
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Figures 2A-2E illustrate diagrainmatically an embodiment of the method of fte invention 
for profiling relative amounts of dimers of a plurality of receptor types. 

Figures 3 A-3C illustrate diagrammatically methods for attaching molecular tags to 
S antl>odies. 

Figures 4 A-4E illustrate data fiom assays on SKBR-3 and BT-20 cell lysates for receptor 
heterodimers using a method of tihe invention. 

Figures 5 A-5C illustrate data fipom assays for receptor heterodimers on human normal 
and tumor breast tissue samples using a method of the invention. 
10 Figures 6A and 6B illustrate data from assays of the invention for detecting homodimers 

and phosphorylation of Herl in lysates of BT-20 cells. 

Figure 7 shows data &om assays of the invention ttiat show Her2 homodimer populations 
on MCF-7 and SKBR-3 cell lines. 

Figures 8A-8B show data from assays of the invention fliat detect heterodimers of Herl 
15 and Her3 on cells in response to increasing concentratiras of heregulin (HRG). 

Figures 9A and 9B show data on tfie increases in the numbers of Herl-Hcr3 
heterodimers on 22Rvl and A549 cells, respectively, with increasing concentrations of epidermal 
growth &ctor(EGF). 

Figures lOA-lOC show data on flie expression of heterodimers of IGF-IR and various 
20 Her receptors in frozen samples from human breast tissue. 

Figures 1 1 A-1 ID illustrate the assay design and experimental results for detecting a PB 
kinase-Her3 receptor activation con^lex. 

Figures 12A-12D illustrate fte assay design and experimental results for detecting a 
Shc/H©r3 receptor-adaptor con5)lex. 
25 Fig. 13 shows data for a correlation between expression of Her2-Her3 heterodimers and 

PBK//Her3 complexes in tumor cells. 

Figs. 14A-14B show measurements of Herl-Her2 and Her2-Her3 receptor dimer 
populations obtained from normal breast tissue samples and fi^m breast tumor tissue samples. 

Figs. 15A-15G show measurements of Hcrl-Herl and Her2-Her2 homodimers and Herl- 
30 Her2 and Her2.Her3 heterodimers in sections of fixed pellets of cancer cell lines. 

Definitions 

"Antibody*' means an immunoglobulin that specifically binds to, and is lhareby defined 
as complementary wi&, a particular spatial and polar organi2ation of another molecule. The 
35 antibody can be monoclonal or polyclonal and can be prepared by techniques that are well known 
in the art such as immunization of a host and collection of sera Opolyclonal) or by preparing 
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continuous hybrid cell lines and collecting the secreted protein (monoclonal), or by cloning and 
expressing nucleotide sequences or mutagenized versions thereof coding at least fi>r the ammo 
acid sequences required for specific binding of natural antibodies. Antibodies may inchide a 
complete immunoglobulin or fragment thereof, which immunoglobulins include flie various 
classes and isotypes, such as IgA, IgD, IgE, IgGl, IgG2a. IgG2b and IgG3, IgM, etc. Eragments 
thereof may include Fab, Fv and F(ab')2. Fab', and the like. In addition, aggregates, polymers, 
and conjugates of immunoglobuUns or their fragments can be used where appropriate so long as 
binding affinity for a particular polypeptide is maintained. Guidance in the production and 
selection of antibodies for use in immunoassays, mduding such assays employing releasable 
molecular tag (as described below) can be found in readily availabk texts and manuals, e.g. 
Harlow and Lane, Antibodies: A Laboratory Manual (Cold Spring Harbor Laboratory Press, 
New York, 1988); Howard and Bediell, Basic Mefljods in Antflxxfy Production and 
Characterization (CRC Press, 2001); Wild, editor. The Immunoassay Handbook (Stockton Press, 

New York, 1994), and the like. 
15 "Antibo^bindmgcon5)Osition" means a molecule or a conq)lex of molecules that 

comprises one or more antibodies, or fragments thereof, and derives its binding specificity &om 
such antibody or antibody fragment. Antibody binding compositions include, but are not limited 
to, (0 antibody pairs in which a first antibody binds specifically to a target molecule and a second 
antibody binds specifically to a constant region of the first anbTxxfy; abiotinylated antibody that 

20 binds specifically to a target molecule and a streptavidm protein, which protein is derivatized 
with moieties sudi as molecular tags or photosensitizers, ot the like, via a biotin moiety; (ii) 
antibodies specific for a target molecule and conjugated to a polymer, such as dextran, which, in 
turn, is derivatized witii moieties such as molecular tags or photosensitizers, either direcfly by 
covalent bonds or indirecfly via streptavidin-biotin linkages; (iii) antibodies specific for a target 

25 molecule and conjugated to a bead, or nricrobead, or other soUd phase support, which, in turn, is 
derivatized either directiy or indirectiy witii moieties such as molecular tags or photosensitizers, 
or polymers containing the latter. 

"Antigenic determinant," or "epitope" means a site on tiie surface of a molecule, usuaUy 
a protein, to which a single antibody molecule binds; generally a protein has several or many 

30 different antigenic determinants and reacts with antibodies of many different specificities. A 
preferred antigenic determinant is a phosphorylation site of a protein. 

"Binding moiety" means any molecule to which molecular tags can be directiy or 
indirectiy attached tiiat is capable of specifically binding to an analyte. Binding moieties include, 
but are not limited to. antibodies, antibody binding compositions, peptides, proteins, nucleic 

35 acids, and organic molecules having a molecular weight of tq) to 1000 daltons and consisting of 
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atoms selected from the group consisting of hydrogen, carbon, oxygen, nitrogen, sulfur, and 
phosphorus. Preferably, binding moieties are antibodies or antibody binding compositions, 

"Cancer" and "cancerous" refer to or describe the physiological condition in mammals 
that is typically characterized by unregulated cell growth. Examples of cancer include, but are 
5 not limited to, carcinoma, lyn^homa, blastoma, sarcoma, and leukemia. More particular 

examples of such cancers include squamous cell cancer, small-cell lung cancer, non-small cell 
lung cancer, gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian 
cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, 
endometrial carcinoma, salivary gland carcinoma, kidney cancer, prostate cancer, vulval cancer, 
10 ttiyroid cancer, hepatic carcinoma and various types of head and neck cancer. 

"Conq)lex" as used herein means an assemblage or aggregate of molecules in direct or 
indirect contact with one another. In one aspect, "contact," or more particularly, "direct contact" 
in reference to a complex of molecules, or in reference to specificity or specific binding, means 
two or more molecules are close enough so that attractive noncovalent interactions, such as Van 
15 der Waal forces, hydrogen bonding, ionic and hydrophobic interactions, and the like, dominate 
ttie interaction of the molecules. In such an aspect, a compleK of molecules is stable in tiiat under 
assay conditions the conq)lex is thermodynamically more fevorable tiian a non-aggregated, or 
non-con^lexed, state of its component molecules. As used herein, "complex" usually refers to a 
stable aggregate of two or more proteins, and is equivalcntly referred to as a '^protein-protein 
20 complex." Most typicaUy, a "conq)lex" refers to a stable aggregate of two proteins. 

"Dimer" in referaice to cell surface membrane receptors means a conq)lex of two or 
more membrane-bound receptor proteins that may be the same or dififerent Dimers of identical 
receptors arc referred to as "homodimers" and dimers of different receptors are referred to as 
•Tieterodimers." Dimers usually consist of two receptors in contact with one another. Dimers 
25 may be created in a cell surface membrane by passive processes, such as Van der Waal 

interactions, and the like, as described above in the definition of "con^lex," or dimers may be 
created by active processes, such as by ligand-induced dimerization, covalent linkages, 
interaction with intracellular components, or the like, e.g. Schlessinger, Cell, 103: 21 1-225 
(2000). As used herein, the term "dimer" is understood to refer to "cell surface membrane 
30 receptor dimer," unless understood otherwise from the context 

"Disease status" inlcudes, but is not limited to, the following features: likelihood of 
contracting a disease, presence or absence of a disease, prognosis of disease severity, and 
likelihood that a patient will respond to treatment by a particular therapeutic agent that acts 
through a receptor complex. In regard to cancer, "disease status" fiirther includes detection of 
35 precancerous or cancerous cells or tissues, the selection of patients that are likely to respond to 
treatment by a therapeutic agent that acts through one or more receptor covaplcKts, such as one a 
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more receptor dimers, and flie ameliorative effects of treatment with such therapeutic agents. In 
one aspect, disease status in reference to Her receptor complexes means likelihood that a cancer 
patient wUl respond to treatment by a Her dimer-acting drug. Preferably, such cancer patient is a 
breast or ovarian cancer patient and such Ker dimer-acting drugs include Omnitarg™ (2C4), 

5 Herceptin, ZD-1 839 (Iressa), and OSI-774 (Tarceva). In another aspect, disease status in 
reference to PDGFR receptor complexes means flie likelihood that a patient suffering from a 
disease characterized by inappropriate fibrosis will respond to treatment by a PDGFR dimer- 
acting drug. Preferably, such disease includes cancer, and kidney fibrosis. Li anoflier aspect, 
disease status in reference to VEGF receptor complexes means tiie likelihood that a patient 

10 suffering firom a disease characterized by inappropriate angiogenesis, such as solid tumors, will 
respond to treatment by a VEGF dimer-acting drug. 

"ErbB receptor" or 'TEIer receptor" is a receptor protein tyrosine kinase which belongs to 
flie ErbB receptor family and includes EGFR CBcrrO, Ert)B2 rHer2"). ErbB3 (HerS") and 
EibB4 ("Her4") receptors. The ErbB receptor generally comprises an extracellular domain, 

1 S which may bind an EibB ligand; a lipophilic transmembrane domain; a conserved intracellular 
tyrosine kinase domain; and a carboxyl-terminal signaling domain harboring several tyrosine 
residues which can be phosphoiylated. The ErbB receptor may be a native sequence ErbB 
receptor or an amino acid sequence variant thereof. Preferably the ErbB receptor is native 
sequence human ErbB receptor. In one aspect, ErbB receptor includes truncated versions of Her 

20 receptors, including but not limited to, EGFRvUI and p95Her2, disclosed in Chu et al, Biochem. 
J., 324: 855-861 (1997); Xia et al, Oncogene, 23: 646-653 (2004); and the like. 

The terms "ErbBl", "epidermal growfli factor receptor" and "EGFR" and •THerl" are 
used interchangeably herein and refer to native sequence EGFR as disclosed, for example, in 
Carpenter et al. Ann. Rev. Biochem. 56:881-914 (1987), including variants thereof (e.g, a 

25 deletion mutant EGFR as in Humphrey et al. PNAS (USA) 87:4207-421 1 (1990)). eibBl refers 
to the gene encoding the EGFR protein product. Examples of antibodies which bind to EGFR 
include MAb 579 (ATCC CRL RB 8506), MAb 455 (ATCC CRL HB8507), MAb 225 (ATCC 
CRL 8508), MAb 528 (ATCC CRL 8509) (see, U.S. Pat. No. 4,943,533, Mendelsohn et al.) and 
variants thereof, such as chimerized 225 (C225) and reshaped human 225 (H225) (see, WO 

30 96/40210, hnclone Systems Inc.). 

"Her2", "ErbB2" "c-Erb-B2" are used interchangeably. Unless indicated otherwise, the 
terms "ErbB2" "c-Erb-B2" and "Her2" when used herein refer to the human protein. The human 
ErbB2 gene and ErbB2 protein are, for example, described in Semba et al., PNAS (USA) 
82:6497-650 (1985)and Yamamoto et al. Nature 3 19:230-234 (1986) (Genebank accession 

35 number X03363). Exan^iles of antibodies that specifically bind to Her2 are disclosed in U.S. 
patents 5,677,171; 5,772,997; Fendly et al. Cancer Res., 50: 1550-1558 (1990); and the like. 
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"ErbB3" and"Her3" refer to the receptor polypeptide as disclosed, for example, in U.S. 
Pat Nos. 5.183,884 and 5,480.968 as well as Kraus et al. PNAS (USA) 86:9193-9197 (1989). 
including variants thereof. Examples of antibodies which bind Her3 are described in U.S. Pat. 
No. 5.968.51 1. e.g. the 8B8 antibody (ATCC HB 12070). 

The terms "ErbB4" and "Her4" herein refer to the receptor polypeptide as disclosed, for 
example, in EP Pat Apphi No 599,274; Plowman et al., Proc. Natl. Acad. Sci. USA, 90: 1746- 
1750 (1993); and Plowman et al.. Nature, 366:473^75 (1993), including variants thereof such as 
the Her4 isoforms disclosed in WO 99/19488. 

"Insulin-like growth factor-l receptor" or "IGF-IR" means a human receptor tyrosine 
kinase substantially identical to those disclosed in UUrich et al, EMBO J., 5: 2503-2512 (1986) 
or Steele-Peridns et al, J. Biol. Chem., 263: 1 1486-11492 (1988). 

"Isolated" in reference to a polypeptide or protein means substantially separated fiom fte 
components of its natural environment Preferably, an isolated polypeptide or protein is a 
composition that consists of at least eighty percent of flie polypeptide or protein identified by 
15 sequence on a weight basis as con^jared to components of its natural environment; more 

preferably, such composition consists of at least ninety-five percent of the polypeptide or protein 
identified by sequence on a weight basis as compared to conq)onents of its natural environment; - 
and still more preferably, such composition consists of at least ninety-nine percent of the 
polypeptide or protein identified by sequence on a weight basis as compared to components of its 
20 natural environment Most preferably, an isohited polypeptide or protein is a homogeneous 
composition lhat can be resolved as a single spot after conventional separation by two- 
dimensional gel electrophoresis based on molecular wdgjit and isoeleclric point. Protocols for 
such analysis by conventional two-dimensional gel electrophoresis are well known to one of 
ordinary skill in the art, e.g. Hames and Rickwood, Editors, Gel Electrophoresis of Proteins: A 
25 Practical Approach QBL Press, Oxford, 1981); Scopes. Protein Purification (Springcr-Verlag. 
New York, 1982); Rabilloud, Editor, Proteome Research: Two-Dimensional Gel Electrophoresis 
and Identification Methods (Springer-Verlag, Berlin. 2000). 

"JCit" refers to any delivery system for delivering materials or reagents for carrying out a 
method of the invention. In the context of reaction assays, such delivery systems include systems 
30 that allow for the storage, transport, or deUvery of reaction reagents (e.g.. probes, enzymes, etc. 
in the appropriate containers) and/or supporting materials (e.g.. buffers, written instructions for 
pwforming the assay ete.) from one location to another. For example, kits include one or more 
enclosures (e.g.. boxes) containing the relevant reaction reagents and/or supporting materials. 
Such contents may be delivered to the intended recipient together or separately. For exanple, a 
35 first container may contain an enzyme for use in an assay, while a second containw contains 
probes. 
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•Tercent identical," or like term, used in respect of flie con5)arison of a reference 
sequence and another sequence (i.e. a "candidate" sequence) means that in an optimal alignment 
between the two sequences, the candidate sequence is identical to the reference sequence in a 
number of subimit positions equivalent to the indicated i^rcentage, the subunits being 

5 nucleotides for polynucleotide comparisons or amino acids for polypq}tide comparisons. As 
used herein, an "optimal alignment of sequences being compared is one tfxat maximizes matches 
between subunits and minimizes the nmnber of gaps employed in constructing an alignment 
Percent identities may be deteraoined with commercially available implementations of algorithms 
described by Needleman and Wunsch. J. Mol. Biol., 48: 443-453 (1970)("GAP" program of 

10 Wisconsin Sequence Analysis Packa^, Genetics Conq)uter Qrovp, Madison, WI). Oflier 

software packages in the art for constructing aligranents and calculating percentage identity or 
ottier measures of similarity include ttie "BestFit" program, based on the algorithm of Smith and 
Waterman, Advances in Applied Mathematics, 2: 482-489 (1981) (Wisconsin Sequence Analysis 
Package, Genetics Conq>uter Group, Madison, Wl). In other words, for example, to obtain a 

15 polypeptide having an amino acid sequence at least 95 percent identical to a reference amino acid 
sequence, yxp to five percent of die amino acid residues in the reference sequence many be 
deleted or substituted with another amino acid, or a number of amino acids up to five percent of 
the total amino acid residues in the reference sequence may be inserted into the reference 
sequence. These alterations of the reference sequence niiany occur at the amino or carboxy 

20 terminal positions of the reference amino acid sequence or anywhere between those terminal 
positions, interspersed either individually among residues in the rrference sequence of in one or 
more contiguous groups with in the references sequence. It is understood that in making 
comparisons with reference sequences of flie invention that candidate sequence may be a 
component or segment of a larger polypeptide or polynucleotide and that such comparisons for 

25 the purpose con[q)utmg percentage identity is to be carried out with respect to the relevant 
component or segment 

'Thosphatidylinositol 3 kinase protein," or equivalently a 'TDK protein," means a 
human intracellular protein of the set of human proteins describe under NCBI accession numbers 
NP_852664, NP_852556, and NP_852665, and proteins having amino acid sequences 

30 substantially identical thereto. 

"Platelet-Derived growth factor receptor" or •TDGER." means a human receptor tyrosine 
kinase protein that is substantially identical to PDGFRa or PDGFRP, or variants thereof, 
described in Heldin et al, Physiological Reviews, 79: 1283-1316 (1999). In one aspect, the 
invention includes determining the status of cancers, pre-canceroxis conditions, fibrotic or 

35 sclerotic conditions by measuring one or more dimers of the following group: PDGFRa 
homodimers, PDGFRP homodimers, and PDGFRa- PDGFRP heterodimers. Iq particular. 
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fibrotic conditions include lung or kidney fibrosis, and sclerotic conditions include 
atherosclerosis. Cancers include, but are not limited to, breast cancer, colorectal carcinoma, 
glioblastoma, and ovarian carcinoma. Reference to 'TDGFR" alone is understood to mean 
"PDGFRa" or 'TDGFRp." 
5 "Polypeptide" refers to a class of compounds composed of amino acid residues 

chemically bonded together by amide linka^s with elimination of water between flie caiboxy 
group of one amino acid and the amino group of anoflier amino acid. A polypeptide is a polymer 
of amino acid residues, which may contain a large number of such residues. Peptides are similar 
to polypeptides, except feat, generaUy, they are comprised of a lesser number of amino acids. 
10 Peptides are sometimes referred to as oligopeptides. Tliere is no clear-cut distinction between 
polypeptides and peptides. For convenience, in this disclosure and claims, iba term 
"polypeptide" will be used to tefe generally to peptides and polypeptides. The amino acid 
residues may be natural or synthetic. 

"Protein" refers to a polypeptide, usually synthesized by a biological cell, folded into a 
15 defined three-dimensional stiuctute. Proteins are generally from about 5,000 to about 5,000,000 
or more in molecular wei^t, more usually from about 5,000 to about 1,000,000 molecular 
weight, and may include posttranslatiwial modifications, such ace^lation, acylation, ADP- 
ribosylation, amidation, oovalent attachment of flavin, covalent attachment of a heme moiety, 
covalent attachment of a nucleotide or nucleotide derivative, oovalent attachment of a lipid or 
20 Upid derivative, covalent attachmmt of phosphoti^linositol, cross-linking, cyclization, disulfide 
bond formation, femesylation, demethylation, formation of covalent cross-links, formation of 
cystine, formation of pyroglutamate, forntylation, gamma-carboxylatioo, glycosylation, GPI 
anchor fonnation, hydro^grlation, iodinati<m, meftylation, myristoylation, oxidation, 
phosphorylation, prenylation, racemization, selenoylation, sulfation, and ubiquitination, e.g. 
25 Wold, F., Post-tamslational Protein Modifications: Perspectives and Prospects, pgs. 1-12 in Post- 
ttanslational Covalent Modification of Proteins, B. C. Johnson. Ed., Academic Press, New York, 
1983. Proteins include, by way of illustration and not limitation, cytokines or interleukins. 
enzymes such as, e.g., kinases, proteases, galactosidases and so fortii, protamines, histones, 
albumins, immunoglobulins, scleroproteins, phosphoproteins, mucoproteins, chromoproteins, 
30 Iqioproteins, nucleoproteins, glycoproteins, T-cell receptors, proteoglycans, and (he Uke. 

"Reference sample" means one or more cell, xenograft, or tissue sanq)les that are 
representative of a normal or non-diseased state to which measurements on patient samples are 
compared to determine whether a receptor complex is present in excess or is present in reduced 
amount in the patient sample. The nature of tiie reference saiaple is a matter of design choice for 
35 aparticular assay and may be derived or determined from normal tissue of the patient him- or 
herself, or fit)m tissues from a population of healthy individuals. Preferably, values relating to 

11 
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amounts of receptor complexes in reference samples are obtained under essentially identical 
experimental conditions as corresponding values for patient samples being tested. Reference 
samples may be from the same kind of tissue as that the patient sample, or it may be from 
different tissue types, and the population from which reforence samples are obtained may be 

5 selected for characteristics that match those of the patient, such as age, sex, race, and the like. 
Typically, in assays of the invention, amounts of receptor con^lcxes on patient sanqjles are 
compared to corresponding values of reference samples that have been previously tabulated and 
are provided as average ranges, average values with standard deviations, or like representations. 
"Receptor complex" means a complex ttiat comprises at least one cell surface membrane 

10 receptor. Receptor complexes may include a dimer of cell sur&ce m^nbrane receptors, or one or 
more intracellular proteins, such as adaptor proteins, that form links in the various signaling 
pafliways. Exenq)lary intracellular proteins tiiat may be part of a receptor con?)lex includes, but 
is not limit to, PDK proteins, Grb2 proteins, Grb7 proteins. She proteins, and Sos proteins, Sro 
proteins, Cbl proteins, PLCy protems, Shp2 protems, GAP proteins. Nek proteins, Vav proteins, 

15 and Cik proteins. In one aspect, receptor con5)lexes include PDK or She proteins. 

"Receptor tyrosine kinase," or "RTK," means a human receptor protein having 
intracellular kinase activi^ and being selected from the RTK fimily of proteins described in 
Schlessinger, Cell, 103: 21 1-225 (2000); and Blume-Jensen and Hunter (cited above). "Receptor 
tyrosine kinase dimer" means a conqplex in a cell surface membrane comprising two receptor 

20 tyrosine kinase proteins. In some aspects, a receptor tyrosine kmase dimer may comprise two 
covalently linked receptor tyrosine kinase proteins. Exenq)lary RTK dimers are listed in Table L 
RTK dimers of particular interest are Her receptor dimers and VEGFR dimers. 

"San^le" or 'tissue san?>le" or '"patient sample" or **patient cell or tissue sample" or 
"specimen" each means a collection of similar cells obtained from a tissue of a subject or patient 

25 The source of the tissue san?)le may be solid tissue as from a fresh, frozen and/or preserved 

organ or tissue san^)le or biopsy or aspirate; blood or any blood constituents; bodily fluids such 
as cerebral spinal fluid, amniotic fluid, peritoneal fluid, or interstitial fluid; or cells from any time 
in gestation or development of the subject. The tissue sample may contain compounds which are 
not naturally intermixed with flie tissue in nature such as preservatives, anticoagulants, buffers. 

30 fixatives, nutrients, antibiotics, or the like. In one aspect of the invention, tissue samples or 
patient samples are fixed, particularly conventional formalin-fixed paraffin-embedded samples. 
Such samples are typically used in an assay for receptor complexes in the form of thin sections, 
e.g. 3-10 ^m thick, of fixed tissue mounted on a microscope slide, or equivalent surface. Such 
samples also typically undergo a conventional re-hydration procedure, and optionally, an antigen 

35 retrieval procedure as a part of, or preliminary to, assay measurements. 
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"Separation proffle" in reference to the separation of molecular tags means a chart, 
graph, curve, bar graph, or other representation of signal intensity data versus a parameter related 
to file molecular tags, such as retention time, mass, or the hke, ibat provides a readout, or 
measure, of the number of molecular tags of each type produced in an assay. A separation 
5 profile may be an electropherogram, a chromatogram, an electrochromatogram, a mass 
spectrogram, or like graphical representation of data depending on the separation technique 
employed. A •'peak" or a "band" or a "zone" in reference to a separation proffle means a region 
where a separated con^wund is concaitrated. There may be multiple separation proffles for a 
single assay if, for example, different molecular tags have different fluorescent labels having 
10 distinct emission spectra and data is coUected and recorded at multiple wavelengfljs. to one 
aspect, release molecular tags are separated by differences in electrophoretic mobility to fiMm 
an electropherogram whaein diflfeient molecular tags correspond to distiiKst peaks on the 
electropherogram. A measure of the distinctness, or lack of overlap, of a«ijacent peaks in an 
dectropherogram is "electrophoretic resolution," which may be taken as the distance between 
15 adjacent peak rT«^ir«,vms divided by four times tiic larger of Am two standard deviations of the 
peaks. Preferably, a<$acent peaks have a resohition of at least 1.0, and more preferably, at least 
1.5, and most prrferably, at least 2.0. In a given separation and detection system, the desired 
resolution may be obtained by selecting a plurality of molecular tags whose members have 
electrophoretic mobilities that differ by at least a peak-resolving amount, such quantity 
20 depending on several fedors well known to fliose of ordinary skill, including signal detection 
system, nature of the fluorescent moieties, the diffusion coefficients of the tags, the presence or 
absence of sieving matrices, nature of the electrophoretic apparatus, e.g. presence or absence of 
channels, length of separation channels, and the hke. ElecHopherograms may be analyzed to 
assodate features in the data wifli the presence, absence, or quantities of molecular tags using 
25 analysis programs, such as disclosed in Williams et al, U.S. patent pubUcation 2003/0170734 Al. 

"SHC" (standing for "Sic homology 2/a-collagen-related") means any one of a family 
of adaptor protems (66, 52, and 46 kDalton) in RTK signaling pathways substantially identical to 
those described in Pelicci et al, Cell, 70: 93-104 (1992). hi one aspect, SHC means the human 
versions of such adaptor proteins. 
30 "SignaUng pafliway" or "signal transduction pathway" means a series of molecular 

events usuaUy beginning with flie interaction of ceU surface receptor witti an extraceflular ligand 
or with the binding of an intraceUular molecule to a phosphorylated site of a ceU surfece receptor 
that triggers a series of molecular interactions, wherem the series of molecular interactions 
results in a regulation of gene expression in the nucleus of a cell. "Ras-MAPK pathway" means 
35 a signaling pathway that includes the phosphorylation of a MAPK protein subsequent to the 
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fomiation of a Ras-GTP con^lex. 'TDK-Akt pathway" means a signaling pathway that includes 
the phosphorylation of an Akt protein by a PDK protein. 

**Specific" or "specificity" in reference to the binding of one molecule to another 
molecule, such as a binding compound, or probe, for a target analyte or con:q)lex, means the 

5 recognition, contact, and formation of a stable complex between flie probe and target, togettier 
witii substantially less recognition, contact, or complex formation of the probe with other 
molecules. In one aspect, "specific" in reference to the binding of a first molecule to a second 
molecule means fliat to the extent flie first molecule recognizes and forms a complex with 
another molecules in a reaction or sample, it forms &e largest number of Ae con5)lexes with the 

10 second molecule. In one aspect, tiiis largest number is at least fi% percent of all such conq)lexes 
form by Ae first molecule. Generally, molecules mvolved in a specific bindmg event have areas 
on their surfaces or in cavities giving rise to specific recognition between the molecules binding 
to each otiier. Exan^ples of specific binding include antibody-antigen interactions, enzyme- 
substrate interactions, formation of duplexes or triplexes among polynucleotides and/or 

15 oligonwieotides, receptor-ligand interactions, and the like. 

"Spectrally resolvable" in reference to a plurality of fluorescent labels means that the 
fluorescent emission bands of tiie labels are sufBciently distinct, ie. sufiBciently non-overlapping, 
that molecular tags to which the respective labels are attached can be distinguished on the basis 
of the fluorescent signal generated by the respective labels by standard photodetection systems, 

20 e.g. employing a system of band pass filters and photomultipUer tubes, or the like, as exemplified 
by the systems described in U.S. Pat. Nos. 4,230,558; 4,81 1,218, or the like, or in Wheeless et al, 
pgs. 21-76, in Flow Cytometry: Instrumentation and Data Analysis (Academic Press, New York, 
1985). 

"Substantially identical" in reference to proteins or amino acid sequences of proteins in 
25 a family of related proteins that are being compared means either that one protein has an amino 
acid sequence that is at least fifty percent identical to the other protein or that one protein is an 
isofoim or splice variant of the same gene as the other protein. In one aspect, substantially 
identical means one protein, or amino acid sequence thereof, is at least eighty percent identical to 
the other protein, or amino acid sequence thereof. 
30 "VEGF receptor" or "VEGFR" as used herein refers to a cellular receptor for vascular 

endothelial growth factor (VEGF), ordinarily a cell-surface receptor found on vascular 
endothelial cells, as well as variants thereof which retain the ability to bind human VEGF. VEGF 
receptors include VEGFRl (also known as Htl), VEGFR2 (also know as Flkl or KDR), and 
VEGFR3 (also known as Flt4). These receptors are described in DeVries et al., Scimce 255:989 
35 (1992); Shibuya et al.. Oncogene 5:519 (1990); Matthews et dl.,Proc Nat. Acad. ScL 88:9026 
(1991); Terman et al.. Oncogene 6:1677 (1991); Tcrman et al., Siodiem. Biophys. Res. Commun. 
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187:1579 (1992). Dimers oif VEGF recq)tDrs are described in Shibuya, Cell Structure and 
Function, 26: 25-35 (2001); and Ferrara et al. Nature Medicine, 9: 669-676 (2003). In one 
aspect, flie invention includes assessing abenrant angiogenesis, or diseases cbaracterized by 
aberrant angiogenesis, by measuring one or more dimers of flie following group: VEGFRl 
5 homodimers, VEGFR2 homodimers. VEGFR1-VEGFR2 heterodimers, and VEGFR2.VEGFR3 
heterodimers. 

DETAILED DESCRIPTION OF THE INVENTION 

10 The invention provides a method of using cell surface receptor complexes as biomarkers 

for the status of a disease or other physiological conditions in a biological organism, particularly 
a human. Tn one aspect, receptor conq>lexes are measured directly from patient samples; that is, 
measurements are made without culturing, formation of xenografts, or like techniques, that 
require extra labor and expense and that may introduce artifacts and noise into the measurement 

1 5 process. In a particular aspect of the invention, measurements of one or more receptor 

complexes are made directly on tissue lysates of frozen patient samples or on sections of fixed 
patient sanq)les. In a preferred embodiment, one or more receptor complexes are measured in 
sections of formalia-fixed paraffin-embedded (FFPE) samples. 

In another aspect, the invention provides an indirect measurement of receptor 

20 phosphorylation through the measurement of complexes that depend on such posttranslational 
modifications for their formation. 

In one aspect, a plurality of receptor coiiq)lexes, such as recqptor dimers, are 
simultaneously measured in the same assay reaction mixture. Preferably, such complexes are 
measured using binding conq)Ounds having one or more molecular tags releasably attached, such 

25 that after binding to a protein in a complex, the molecular tags may be released and separated 
from the reaction, or assay, mixture for detection and/or quantification. 

Jn one aspect, the invention provides a method for determining a disease status of a 
patient coinprisnig the following steps: measuring an amoimt of each of one or more receptor 
dimers in a patient sanq)le; comparing each such amount to its corresponding amount from a 

30 reference saniple; and correlating diflferences in the amounts from the patient san?)le and the 
respective corresponding amounts from flie reference sample to the presence or severity of a 
disease condition in the patient. In a preferred embodiment, flie step of measuring comprising 
the steps of: (0 providing one or more binding compounds specific for a protein of each of the 
one or more receptor dimers, such that each binding compound has one or more molecular tags 

35 each attached flioreto by a cleavable linkage, and such fliat flie one or more molecular tags 
attached to different binding conqjounds have different separation characteristics so fliat upon 
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separation molecular tags fiom different binding con^wunds foim distinct peaks in a separation 
profile; (ii) mixing fbs binding conqwunds and the one or more complexes such ftat binding 
co^^>ounds specifically bind to their respective receptor dimers to fonn detectable conqilexes; 
(iii) cleaving the cleavable linkage of each binding con5)Ound fi)nning detectable complexes, and 
5 (iv) separating and identifying the released molecular tags to detamine flie presence or absence 
or His amount of flie one or more receptor dimers. 

In anotha- aspect, flie step of measuring the amounts of one or more types of receptor 
dimer comprising the fi)llowing steps: (i) providing for each of the one or more types of receptor 
dimer a cleaving probe specific for a first receptor in each of the one or more receptor dimers, 
10 each cleaving probe having a cleavage-inducing moiety with an effective proximity; (iO 

providing one or more binding compounds specific far a second receptor of each of the one or 
more receptor dimers, such that each binding compound has one or more molecular tags each 
attached flwreto by a cleavable linkage, and such that the one or more molecular tags attached to 
different binding conqwunds have difiisrent sqjaration characteristics so tiiat \xpoa separation 
15 molecular tap from different binding conqjounds form distinct peaks in a sq)aration profile; (iii) 
nixing the cleaving probes, the binding conqwunds, and the one or more types of receptor 
dimas such ftat cleaving probes specifically bind to first receptors of the receptor dimers and 
binding compounds specifically bind to the second receptors of the receptor dimers and such that 
cleavable linkages of the binding compounds are within the effective proximity of cleavage- 
20 inducing moieties of the cleaving probes so that molecular tags are released; and (iv) separating 
and identifying the released molecular tags to determine the presence or absence or Ae amount of 
the one or more types of receptor dimers. Preferably, receptor dim«s and first and second 
receptors are selected from the receptor dimers listed in Table L 

In another aspect of the invention, a biological specimen, which comprises a mixed 
25 cell population suspected of containing the rare cell of interest is obtained from a patient. A 
sanq)le is then prepared by mixing flie biological specimen with magnetic particles which are 
coupled to a biospecific Ugand specifically reactive with an antigen on the rare cell that is 
different fiom or not found on blood cells (referred to herem as a "capture antigen'-), so that other 
sample components may be substantially removed. The sample is subjected to a magnetic field 
30 which is effective to separate cells labeled wife the magnetic particles, including the rare cells of 
interest, if any are present in the specimen. The ceU population so isolated is then analyzed using 
molecular tags conjugated to binding moieties specific for biomaikers to determine the presence 
and/or number of rare cells, hi a preferred embodiment the magnetic particles used in this 
me&od are coUoidal magnetic nanoparticles. Preferably, such rare ceU populations are 
35 circulating epithdial cells, which may be isolated firan patient's blood using epithelial-specific 
capture antigens, e.g. as disclosed in Hayes et al, Intetnational J. of Oncology, 21 : 1 1 1 1-11 17 
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(2002); Soria et al, Clinical Cancer Research, 5: 971-975 (1999); Ady et al, British J. Cancer, 90: 
443-448 (2004); which are incorporated by reference. In particular, monoclonal antibody 
BerEP4 (Dynal A.S., Oslo, Norway) may be used to capture human epithelial cells with magnetic 
particles. 

5 In another aspect, the invention provides a method for determining a cancer status of a 

patient comprising the following steps: (i) immunomagnetically isolating a patient sample 
conq>rising circulating epithelial cells by contacting a sample of patient blood with one or more 
antibody compositions, each antibody composition being specific for a capture antigen and being 
attached to a magnetic particle; (ii) measuring an amount of each of one or more receptor 

10 complexes in the patient sample; con^aring each such amoxmt to its corresponding amount fi-om 
a reference sample; and correlating differences in die amounts from the patient san[q)le and the 
respective corresponding amounts from the reference sample to the presence or severity of a 
cancer condition in the patient. In a preferred embodiment, the step of measuring comprises the 
stq>s of: (i) providing one or more binding conq)oimds specific for a protein of each of the one 

IS or more receptor complexes, such that each binding compound has one or more molecular tags 
each attached thereto by a cleavable linkage, and such that the one or more molecular tags 
attached to different binding con^pounds have different separation characteristics so that upon 
separation molecular tags from different binding conq>ounds fcfrm distinct peaks in a separation 
profile; (ii) mixing the binding compounds and the one or more receptor complexes such that 

20 binding compounds specifically bind to their respective proteins of the one or more receptor 
conq)lexes to form detectable conq)lexes; (iii) cleaving the cleavable linkage of each binding 
compound forming detectable complexes, and (iv) separating and identifying the released 
molecular tags to determine the presence or absence or die amount of the one or more receptor 
complexes. 

25 In another aspect, the step ofmeasuringtihe amounts ofone or more receptor complaes 

conqnising the following steps: (i) providing for each of the one or more receptor conq>lexes a 
cleaving probe specific for a first protein in each of the one or more receptor complexes, each 
cleaving probe having a cleavage-inducing moiety with an effective proximity; (ii) providing one 
or more binding conqpounds specific for a second protein of each of the one or more receptor 

30 complexes, such that each binding compound has one or more molecular tags each attached 

thereto by a cleavable linkage, and such that the one or more molecular tags attached to different 
binding conpoimds have different separation characteristics so that upon separation molecular 
tags fix)m different binding compounds form distinct peaks in a separation profile; (iii) mixing 
the cleaving probes, the binding conqjoimds, and the one or more complexes such that cleaving 

35 probes specifically bind to first proteins of the receptor complexes and binding compounds 
specifically bind to the second proteins of the receptor complexes and such that cleavable 
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linkages of the binding conqjounds are within the efifective proximity of cleavage-inducing 
moieties of the cleaving probes so that molecular tags are released; and (iv) separating and 
identii^ing the released molecular tags to determine the presence or absence or the amount of the 
one or more receptor complexes. 

5 

Exemplary Receptor Dimer Biomarkers and Dimer-Acting Drugs 
Biomarkers of the invention include dimers and ohgomers of the following receptors. 

Table 1. 

10 

Exemplary Receptor Complexes of Cell Surface Membranes 



Dimer Dimer 



Herl-Hcrl 


P2-adrenergic receptor homodimer 


Herl-Her2 


ATn receptor homodimer 


Herl-HerS 


bradykininin B2 receptor homodimer 


Herl-Her4 


CCR2 receptor homodimer 


Hei2-Her2 


Dl dopamine receptor homodimer 


Hcr2-Her3 


D2 dopamine receptor homodimer 


Her2-Her4 


a2-adrenergic-P2*'adrenergic heterodimer 


Her3-Her4 


GABAbR1-GABAbR2 


Her4-Her4 


cholescystokinin-dopamine 


IGF-Rl homodimers 


M2-M3 muscarinic 


VEGFRI(Fltl).VEGFR2(KDR) 


\i-6 opioid 


VEGFR2(KDR>.VEGFR2(KDR) 


5-HT 1B-5-HT ID 


PDGFRa-PDCH'Ra 


a2e-adrenergic-M3 muscarinic 


a2-adrenergic receptor homodimer 


Kit/SCFR(hom0dimers) 


PDGFRa-PDGFRP 


FGFR (particularly FGFRl homodimers) 


PDGFR3-PDGFRP 


NGFR(TrkA)-NGFR(TrkA) 


D3 dopamine receptor homodimer 


Pa-adrenergic-S opioid 


glutamate Rla receptor homodimer 


Pr-adrenergic-K opioid 


human chorionic gonadotropin rec, homodimer 


Al adenosine-Dl dopamine 


H2 histamiTie receptor homodimer 


SSTR1-SSTR5 somatostatin 


nmscarinic receptor homodimer 


opioid receptor homodimer 


platelet-activating factor receptor homodimer 


D2 dopamine>SSTR5 somatostatin 


V2 vasopressin receptor homodimer 


IGF-IR-Herl heterodimer 


IGF-1R-Her2 heterodimer 


IGF-1R-Hcr3 heterodimer 


IGF-IR-PDGFR heterodimers 


Herl-PDGFR heterodimers 


Her2-PDGFR heterodimers 


Her3-PDGFR heterodimers 


avP3 heterodimer 


avps heterodimer 


Herl-PDK 


Her2-PDK 


Her3-PDK 


Herl-SHC 


Her2-SHC 


Her3-SHC 


IGF.IR-PBK 


IGF-IR-SHC 


IGF-lR-insulin receptor 


PDGFR.PDK 


PDGFR-SHC 
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The mechanisms of action of many dmgs that are in use or are under development 
require the inhibition of one or more functions of receptor dimcrs, such as the association of 
component receptors into a dimer structure, or a fimction, such as an enzymatic activity, e.g. 
kinase activity, or autophosphorylation, that depends on dimerization. Such drugs are referred to 
herein as "dimer-acting" drugs. The number, type, formation, and/or dissociation of receptor 
dimers in the cells of a patient being treated, or whose treatment is contemplated, have a bearing 
on the effectiveness or suitability of using a particular dimer-acting drug. The following receptor 
dimers are biomarkers related to the indicated drugs. In one aspect, tiie invention provides 
biomaxkers for monitoring tihie effect on disease status of a dimer-acting drug, 

Table BL 

Drugs Associated with Dimers of Cell Surface Membranes 



Dimer Dmg(s) 



Herl-Herl, Herl-Her2, Herl-HerS, Herl.Her4, 
Herl-IGF-Rl 


Cetuximab (Eibitux), Trastuzumab (Herceptin), h- 
R3 (TheraCIM), ABX-EGF, MDX-447, ZD-1839 
(Iressa), OSI-774 (Tarceva), PKI 166, GW2pi6. Q- 
1033, EKB-569. EMD 72000 


Her2-Herl, Her2-Her3, Her2.Her2. Her2.Hcr4 


4D4 Mab, Trastuzumab (Herceptin), 2C4, GW2016 


VEGFR dimers 


FTK787/K222584, ZD6474, SU6668, SU11248, 
CHR200131, CP547632, AG13736, 
CEP7055/5214,KRN633 


PDGFR dimers 


SU6668, SUl 1248, AG13736, CHR200131 


FGFRdimers 


CP547632, CHR200131 



15 The following references describe flie dimer-acting drugs listed in Table It Itaxler, Ejcpert 
Opin. Ther. Targets, 7: 215-234 (2002); Baselga, editor. Oncology Biothaapeutics, 2: 1-36 
(2002); Nam et al, Current Drug Targets, 4: 159-179 (2003); Seymour, Current Dnig Targets, 2: 
1 17-133 (2001); and the like. 



20 Table in. 



PI3K-Associated Receptor Complexes 



Dimer 


Dimer 


Herl-Herl 


32-adrenergic receptor homodimer 


Herl-Het2 


ATQ receptor homodimer 


Herl-Hcr3 


bradykininin B2 receptor homodimer 


Herl-Hcr4 


CCR2 receptor homodimer 


Her2-Her2 


Dl dopamine receptor homodimer 


Her2-Her3 


D2 dopamine receptor homodimer 


Hcr2-Her4 


a2-adrenergic-pr-adreneigic heterodimer 


Her3-Her4 


GABAbR1-GABAbR2 


Her4-Her4 


cholescystoldnin-dopamine 
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IGF-Rl homodimers 


M2-M3 muscarmic 


VEGFRl(Fltl)-VEGFR2(KDR) 


pi-5 opioid 


VEGFR2CKDR>VEGFR2(KDR) 


5-HT 1B-5-HT ID 


PDGFRa-PDGFRa 


a2c-adrenergic-M3 muscarinic 


ax-adienezsic receptor homodimer 


Kit/SCFR(homodimers) 


PDGFRa-PDGFRB 


FGFR (particularly FCirKl nomooimersj 


PDGFRP-PDGFR3 


NGFR(TrkA)-NGFR(TiKA) 


D3 dopamine receptor homodimer 


P2-adrenergic-5 opioid 


glutamate Rla receptor homodimer 


Pradrenergic-tc opioid 


human chorionic gonadotropin rec, homodimer 


A1 fiHMiAciTip»T)1 ncYnsmiTie 


H2 litgfaTwifnft receptor homodimer 


SSTR1-SSTR5 somatostatin 


muscarinic receptor homodimer 


opioid receptor homodimer 


platelet-activating factox receptor homodimer 


D2 dopamine-SSTRS somatostatin 


V2 vasopressin receptor homodimer 


IGF-IR-Hcrl heterodimer 


IGF-1R-Her2 heterodimer 


IGF-1R-Her3 heterodimer 


IGF-IR-PDGFR heterodimers 


Herl-PDGFR heterodimers 


Hcr2-PDGFR heterodimers 


Her3-PDGFR heterodimers 



Preparation of Samples 
Samples containing molecular complexes may come from a wide variety of sources for 
5 use with the present invention to relate receptor complexes populations to disease status or health 
status, including cell cultures, animal or plant tissues, patient biopsies, or the like. Preferably, 
samples are human patient samples. Samples are prepared for assays of the invention using 
conventional techniques, which may depend on the source from which a sample is taken. 

10 A. Solid Tissue Samples. For biopsies and medical specimens, guidance is provided in the 
foUowing references: Bancroft JD & Stevens A, eds. Theory and Practice of Histological 
Techniques (Churchill Livingstone, Edinburgh, 1977); Pearse, Histochemistry. Theory and 
applied. 4* ed. (Churchill Livingstone, Edinburgji, 1 980). 

hi the area of cancerous disease status, examples of patient tissue samples ttiat may be 

1 5 used include, but are not limited to, breast, prostate, ovary, colon, lung, endometrium, stomach, 
salivary gland or pancreas. The tissue sanq)le can be obtained by a variety of procedures 
including, but not limited to sm-gical excision, aspiration or biopsy. The tissue may be fresh or 
frozen. In one embodiment, assays of the invention are carried out on tissue samples feat have 
been fixed and embedded in parafiRn or flie like; therefore, in such embodiments a step of 

20 deparaflBnation is carried out A tissue san^le may be fixed (i.e. preserved) by conventional 
methodology (See e.g., "Manual of Histological Staining Method of the Armed Forces Institute 
of Pathology," 3"* edition (1960) Lee G. Luna, HT (ASCP) Editor. The Blakston Division 
McGraw-Hill Book Company, New Yoifc The Armed Forces Institute of Pathology Advanced 
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Laboratory Methods in Histology and Pathology (1994) Ulreka V. Mikel, Editor, Armed Forces 
Institute of Pathology, American Registry of Pathology, Washington, D.C One of skill in tiie art 
will appreciate that the choice of a fixative is determined by the purpose for which the tissue is to 
be histologically stamed or otherwise analyzed. One of skill in the art will also appreciate that Ae 
5 length of fixation depends upon the size of the tissue sample and flie fixative used. By way of 
example, neutral buffered fonnahn, Bouin's or paraformaldehyde, may be used to fix a tissue 
sanq>le. 

Gaierally, a tissue sanq)le is first fixed and is then dehydrated througji an ascending 
SOTes of alcohols, infiltrated and embedded with paraflBn or other sectioning media so that the 

10 tissue sample may be sectioned Alternatively, one may section tiie tissue and fix the sections 
obtained. By way of example, the tissue sample may be embedded and processed in parafiBn by 
conventional methodology (See e.g„ "Manual of Histological Staining Mefliod of the Armed 
Forces fcistitute of Pafliology", supra), Exanqjles of paraffin that may be used include, but are not 
limited to, Paraplast, Broloid, and Tissuemay. Once the tissue sample is embedded, the sanq>le 

15 may be sectioned by a microtome or the Ete (See e.g., "Manual of Histological Staining Method 
of the Armed Forces Institute of Pathology", supra). By way of exanq)le for this procedure, 
sections may have a fluckness in a range fixwn about three microns to about twelve microns, and 
preferably, a thickness in a range of fi:om about 5 microns to about 10 microns. In one aspect, a 
section may have an area of fi:om about 10 mm^ to about 1 cml Once cut, the sections may be 

20 attached to sUdes by several standard methods. Examples of slide adhesives include, but are not 
limited to, silane, gelatin, poly-L-lysine and the like. By way of example, the paraffin embedded 
sections may be attached to positively charged slides and/or slides coated with poly-L-lysine. 

If paraffin has been used as the embedding material, the tissue sections arc generally 
deparaffinized and rehydrated to water. The tissue sections may be deparafSnized by several 

25 conventional standard methodologies. For example, xylenes and a gradually descending series of 
alcohols may be used (See e.g., "Manual of Histological Staining Method of the Armed Forces 
Institute of Pathology", supra). Alternatively, conmiercially available deparaffinizing non- 
organic agents such as Hemo-De® (CMS, Houston, Tex.) may be used. 

For mammalian tissue culture cells, firesh tissues, or like sources, samples may be 

30 prepared by conventional cell lysis techniques (e.g. 0. 14 M NaCl, 1 .5 mM MgCU, 10 mM Tris- 
CI (pH 8.6), 0.5% Nonidet P-40, and protease and/or phosphatase inhibitors as required). For 
fi-esh rnanmialian tissues, sample preparation may also include a tissue disaggregation step, e.g. 
crushing, mincing, grinding, sonication, or the like. 

B. Magnetic Isolation of Cells. In some applications, such as measuring dimers on rare 

35 metastatic cells fi-om a patient's blood, an enrichment step may be caiiied out prior to conducting 
an assay for surface receptor dimer populations, hnmunomagnetic isolation or enrichment may 
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be carried out using a variety of techniques and materials known in the art, as disclosed in the 
foUowing representative references that are incorporated by reference: Terstappen et al, U.S. 
patent 6,365,362; Terstappen et al, U.S. patent 5,646,001; Rohr ct al. U.S. patent 5,998,224; 
Kausch et al, U.S. patent 5,665,582; Kresse et al. U.S. patent 6,048,515; Kausch et al, U.S. patent 

5 5,508,164; Miltenyi et al, U.S. patent 5,691,208; Molday, U.S. patent 4,452,773; Kronick. U.S. 
patent 4,375,407; Radhmch et al, chapter 23, in Methods in Cell Biology, Vol, 42 (Academic 
Press, New York, 1994); Uhlen et al, Advances in Biomagnetic Separation (Eaton Publishing, 
Natick, 1994); Saftrik et al, J. Chromatography B, 722: 33-53 (1999); Miltenyi et al. Cytometry, 
1 1: 23 1-238 (1990); Nakaraura et al, Biotechnol. Prog., 17: 1 145-1 155 (2001); Moreno et al, 

10 Urology, 58: 386-392 (2001); Racila et al, Proc. Nafl. Acad. Sci., 95: 4589-4594 (1998); 

Zigeuner et al, J. Urology, 169: 701-705 (2003); Ghossein et al. Seminars in Surgical Oncology, 
20: 304-311(2001). 

The preferred magnetic particles for use in carrying out this invention are particles that 
behave as colloids. Such particles are characterized by their sub-micron particle size, which is 

15 generally less ttian about 200 nanometers (nm) {020 microns), and their stability to gravitational 
separation ftom solution for extended periods of time. In addition to the many other advantages, 
Ihis size range makes them essentially invisible to analytical techniques commonly applied to ceU 
analysis. Particles within the range of 90-150 nm and having between 70-90% magnetic mass are 
contemplated for use in the present invention. Suitable magnetic particles are composed of a 

20 crystalline core of superparamagnetic material surrounded by molecules which are bonded, e.g., 
physically absorbed or covalently attached, to the magnetic core and which confer stabilizing 
coUoidal properties. The coating material should preferably be applied in an amount effective to 
prevent non specific interactions between biological macromolecules founii in the sample and the 
magnetic cores. Such biological macromolecules may include sialic acid residues on the surface 

25 of non-target cells, lectins, glyproteins and oflier membrane con^onents. In addition, the material 
should contain as much magnetic mass/nanoparticle as possible. The size of the magnetic crystals 
comprising fte core is sufficiently small that they do not contain a complete magnetic domain. 
The size of the nanoparticles is sufficiently small such tiiat their Brownian energy exceeds flieir 
magnetic moment As a consequence, North Pole, South Pole aligrmient and subsequent mutual 

30 attraction/repulsion of these colloidal magnetic particles does not appear to occur even in 

moderately strong magnetic fields, contributing to their solution stability. Finally, fee magnetic 
particles should be separable in high magnetic gradient external field separators. That 
characteristic facilitates sample handling and provides economic advantages over the more 
complicated internal gradient columns loaded with ferromagnetic beads or steel wool. Magnetic 

35 particles having the above-described properties can be prepared by modification of base 
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materials described in U.S. Pat Nos. 4,795,698, 5,597,531 and 5,698,271, which patents are 
incorporated by reference. 

Assays Using R eleasable Molecular Tags 
5 Many advantages are provided by measuring dimer populations using releasable 

molecular tags, including (1) separation of released molecular tags finom an assay mixture 
provides greatly reduced background and a signilBcant gain in sensitivi^, and (2) flie use of 
molecular tags that are specially designed for ease of separation and detection provides a 
convenirat multiplexing capability so fliat multiple receptor coxrqplex components may be readily 
10 measured simultaneously in Ae same assay. Assays enqjloying such tags can have a variety of 
forms and are disclosed in the following references: Singh et al, U.S. patent 6,627,400; U.S. 
patent pubUcations Singh et al. 2002/0013 126; and 2003/0170915, and Williams et al, 
2002/0146726; and Chan-Hui et al, International patent publication WO 2004/01 1900, all of 
which are incorporated herein by reference.. For example, a wide variety of separation 
15 techniques may be employed that can distinguish molecules based on one or more physical, 
chemical, or optical differences among molecules being separated including but not limited to 
electrophoretic mobihty, molecular weight, shape, solubility, pKa, hydrophobicity, charge, 
charge/mass ratio, polarity, or the like. In one aspect, molecular tags in a plurality or set differ in 
electrophoretic mobility and optical detection characteristics and are separated by 
20 electrophoresis. In another aspect, molecular tags in a plurality or set may differ in molecular 
weight, shape, solubility, pKa, hydrophobicity, charge, polarity, and are separated by normal 
phase or reverse phase HPLC, ion exchange HPLC, capillary electrochromatography, mass 
spectroscopy, gas phase chromatography, or like technique. 

Sets of molecular tags are provided ttiat are separated into distinct bands or peaks by a 
25 separation technique after they are released from binding conq)Ounds. Identification and 

quantification of such peaks provides a measure or profile of the kinds and amounts of receptor 
dimers. Molecular tags within a set may be chemically diverse; however, for convenience, sets 
of molecular tags are usually chemically related. For exaniple, they may all be peptides, or they 
may consist of different combinations of the same basic building blocks or monomers, or they 
30 may be synthesized using the same basic scaffold with different substituent groups for inq)arting 
different separation characteristics, as described more fiilly below. The number of molecular 
tags in a plurality may vary depending on several factors including the mode of separation 
employed, flie labds used on the molecular tags for detection, ttie sensitivity of flie binding 
moieties, the efficiency wife which the cleavable linkages are cleaved, and the like. In one 
35 aspect, the number of molecular tags in a plurality for measuring populations of receptor dimers 
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isintherangeoffirom2to 10. Inotheraspects, the si2B of the plurality nmy be in the range of 
fixmi 2 to 8, 2 to 6, 2 to 4, or 2 to 3 . 

Receptor dimers may be detected in assays having homogeneous formats or a non- 
homogeneous, i.e. heterogeneous, formats. la a homogeneous format, no step is required to 

5 separate binding compounds specifically bound to target complexes from unbound binding 

compounds. Jn a preferred embodiment, homogeneous formats enq)loy reagent pairs comprising 
(i) one or more binding compounds with releasable molecular tags and (ii) at least one cleaving 
probe that is capable of generating an active species that reacts with and releases molecular tags 
within an effective proximity of the cleaving probe. 

10 Receptor dimers may also be detected by assays employing a heterogeneous format. 

Heterogeneous techniques normally involve a separation step, where intracellular complexes 
having binding compounds specifically bound are separated from unbound binding conq)ounds, 
and optionally, other sample conqjonents, such as proteins, membrane fragments, and the like. 
Separation can be achieved in a variety of ways, such as employing a reagent bound to a solid 

15 support that distinguishes between conplex-bound and unbound binding compounds. The soUd 
support may be a vessel wall, eg., microtiter well plate well, capillary, plate, slide, beads, 
including magnetic beads, liposomes, or the like. The primary characteristics of the sohd support 
are that it (1) permits segregation of the bound and unbomd binding compounds and (2) does not 
interfere with the formation of the binding con5)lex, or the other operations in the determination 

20 of receptor dimers. Usually, in fixed samples, unbound binding compounds are removed simply 
by washiug. 

With detection using molecular tags in a heterogeneous format, after washing, a san^le 
may be combined with a solvent into which the molecular tags are to be released. Dependmg on 
the nature of flie cleavable bond and the method of cleavage, ttie solvent may include any 

25 additional reagents for tiie cleavage. Whwe reagents for cleavage are not required, fee solvent 
conveniently may be a separation buffer, e.g. an electrophoretic separation medium. For 
exan?)le, where the cleavable linkage is photolabile or cleavable via an active species gcna:ated 
by a photosensitizer, fee medium may be irradiated wife light of appropriate wavelengfe to 
release fee molecular tags into fee buffer. 

30 Jn eifeer format, if fee assay reaction conditions interfisre wife fee separation technique 

en5)loyed, it may be necessary to remove, or exchange, fee assay reaction buffer prior to 
cleavage and separation of fee molecular tags. For exanq>le, in some embodiments, assay 
conditions include salt concentrations (e.g. required for specific binding that degrade separation 
performance when molecular tags are s^arated on fee basis of electrophoretic mobili^. In such 

35 embodiments, an assay buffer is replaced by a separation buffer, or medium, prior to release and 
separation of fee molecular tags. 
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Assays employing releasable molecular tags and cleaving probes can be* made in many 
different formats and configuations depending on the complexes that are detected or measured. 
Based on the present disclosure, it is a design choice for one of ordinary skill in Ae art to select 
the numbers and specificities of particular binding compounds and cleaving probes. 

5 In <me aspect of the invention, the use of releasable molecular tags to measure dimers of 

cell surface membranes is shoivn diagrammatically in Figs. 1 A and IB. Binding compounds 
(100) having molecular tags •'mT|" and '•mT2- and cleaving probe (102) having photosensitizer 
*TS" are combined with biological cells (104). Binding compounds havmg molecular tag ''mTi" 
are specific for cell surfoce receptors R| (106) and binding conq)ounds having molecular tag 

10 '•mTa" are specific for cell surfitce receptors R2 (108). Cell surface receptors R| and R2 are 

present as monomers, e.g. (106) and (108), and as dimers (1 10) in cell surface membrane (1 12). 
After these assay components are incubated in a suitable binding buffer to permit the formation 
(1 14) of stable complexes between binding compounds and their respective receptor targets and 
between the cleaving probe and its receptor target As illustrated, preferably binding compounds 

15 and cleaving probes each comprise an antibody binding composition, which permits the 
molecular tags and cleavage-inducing moiety to be specifically targeted to membrane 
components. In one aspect, such antibody binding conq)ositions are monoclonal antibodies. In 
such embodiments, binding buffers may comprise buffers used in conventional EIISA 
techniques, or the like. After binding compounds and cleaving probes for stable complexes 

20 (1 16), the assay mixture is illuminated (118) to induce photosensitizers (120) to generate singlet 
oxygen. Singlet oxygen rapidly reacts with components of the assay mixture so that its effective 
proximity (122) for cleaving cleavable linkages of molecular tags is spatially limited so that only 
molecular tags tibat happen to be within the effective proximity are released (124). As illustrated, 
the only molecular tags released are those on binding compoimds that form stable complexes 

25 with RrR2 dimers and a cleaving probe. Released molecular tags (126) are removed fiom the 
assay mixture and separated (128) in accordance with a separation characteristic so that a distinct 
peak (130) is fonned in a separation profile (132). In accordance with the invention, such 
removal and separation n:iay be the same step. Optionally, prior to illumination the binding 
buffer may be removed and replaced with a buffer more suitable for separation, i.e. a separation 

30 buffer. For example, binding buffers typically have salt concentrations ^t may degrade flte 
performance of some separation techniques, such as capillary electrophoresis, for separating 
molecular tags into distinct peaks. In one embodiment, such exchange of buffers may be 
acconq)lished by membrane filtration. 

An embodiment that illustrates ratiometric measurement of heterodimers is illustrated in 

35 Fig. IC, in which an additional binding compound is enq>loyed to give a measure of the total 
amount of protein (1 104) in a sample. Reagents (1 122) of the invention comprise (i) cleaving 
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probes (1 108), first binding compound (1 106), and second binding compound (1 107), wherein 
first binding conq>ound (1 106) is specific for protein (1 102) and second binding conqwund 

(1 107) is specific for protein (1 104) at a different antigenic determinant ttian that cleaving probe 

(1 108) is specific for. After binding of the reagents, cleaving probe (1 108) is activated to 
5 produce active species tiiat cleave the cleavable linkages of the molecular tags within Ae 

efiective proximity of the photosensitizer. In this embodiment, molecular tags are released fi:om 
monomers of protein (1 104) that have both reagents (1107) and (1108) attached and fix)m 
heterodimers that have reagent (1 108) attached and either or boft of reagents (1 106) and (1 107) 
attached. Released molecular tags (1 123) are separated, and peaks (1 1 1 8 and 1 124) in a 

10 separation profile (1 126) are correlated to the amounts of the released molecular tags. In this 
embodiment, relative peak heights, or areas, may reflect (i) the differences in aflSnity of the first 
and second binding conq)ounds for their respective antigenic determinants, and/or (ii) the 
presence or absense of the antigenic determinant that the bmding conq)ound is specific for. The 
later situation is important whenever a binding compound is used to monitor the post- 

15 translational state of a protein, e.g. phosphorylation state. 

Homodimers may be measured as illustrated in Fig. ID. As above, an assay may 
comprise three reagents (1128): cleaving probes (1134), first binding conq)Ound (1130), and 
second binding compound (1 132). First binding confound (1 130) and cleaving probe (1 134) are 
constructed to be specific for the same antigenic determinant (1 135) on protein (1 138) that exists 

20 (1 140) in a sampie as eitha: a homodimer (1 136) or a monomer (1 138). After reagents (1 128) 
are combined with a sample under conditions that promote the formation of stable conq)lexes 
between the reagents and their respective targets, multiple con^lexes (1 142 through 1 150) form 
in the assay mixture. Because cleaving probe (1 134) and binding conq>ound (1 130) are specific 
for the same antigenic detenninant (1 135), four diflferent combinations (1 144 through 1 150) of 

25 reagents may form con^lexes with homodimers. Of the complexes in the assay mixture, only 
those (1 143) with both a cleaving probe (1 134) and at least one binding compound will 
contribute released molecular tags (1151) for separation and detection (1 154). In this 
embodiment, the size of peak (1 153) is proportional to the amount of homodimer in the assay 
mixture, while the size of peak (1 152) is proiK)rtional to the total amount of protein (1 138) in the 

30 assay mixture, both in monomeric form (1 142) or in homodimeric form (1 146 and 1 148). Fig. 
IE illustrates the analogous measurements for cell surface receptors that form heterodimers in 
cell surface membrane (1161). One skilled in the art would understand that dimers may be 
measured in either lysates of cells or tissues, or in fixed san^les whose membranes have been 
permeabilized or removed by the fixing process. In such cases, binding conipounds may be 

35 specific for either extracellular or intracellular domains of cell sur&ce membrane recqptors. 
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As illustrated in Figs. IE and IF, releasable molecular tags may also be used for the 
simultaneous detection or measuremait of multiple dimers and intracellular complexes in a 
cellular sample. Cells (160), which may be from a sample from in vitro cultures or from a 
specimen of patient tissue, are lysed (172) to render accessable molecular complexes associated 

5 with the cell membrane, and/or post-translational modification sites, such as phosphorylation 
sites, within the cytoplasmic domains of the membrane molecules. After lysing, the resulting 
lysate (174) is combined wife assay reagents (176) that include multiple cleaving probes (175) 
and multiple binding compounds (177). Assay conditions are selected (178) that allow reagents 
(176) to specifically bind to their respective targets, so that upon activation cleavable linkages 

10 within the effective proximity (1 80) of the cleavage-inducing moieties are cleaved and molecular 
tags are released (1 82). As above, after cleavage, the released molecular tags are separated (184) 
and identified in a separation profile (1 86), such as an electropherogram, and based on the 
nurriber and quantities of molecular tags measured, a profile is obtained of the selected molecular 
complexes in flie cells of the sample. 

15 Figs. IG and IH illustrate an embodiment of the invention for measuring receptor 

complexes in fixed or frozen tissue samples. Fixed tissue saxnplc (1000), e.g. a formalin-fixed 
paraffin-embedded sanqjle, is sliced to provide a section (1004) using a microtome, or like 
instrument, which after placing on surface (1006), which may be a microscope slide, it is de- 
waxed and re-hydrated for application of assay reagents. Enlargement (1007) shows portion 

20 (1008) of section (1004) on portion (1014) of microscope slide (1006). Receptor dimer 

molecules (1018) are illustrated as embedded in the remnants of membrane structure (1016) of 
the fixed sample. In accordance wifli this aspect of tiie invention, cleaving probe and binding 
compounds are incubated witii the fixed sample so that fliey bind to their target molecules. For 
exan^le, cleaving probes (1012)(illustrated in flie figure as an antibody having a photosensitizer 

25 ("PS") attached) and first binding compound (1010)(illustrated as an antibody having molecular 
tag "mTj" attached) specifically bind to receptor (101 1) common to all of the dimers shown, 
second binding compound (1017)(wifli ^^2") specifically binds to receptor (1015), and third 
binding compound (1019)(with '^mTa") specifically binds to receptor (1013). After washing to 
remove binding compounds and cleaving probe that are not specifically bound to their respective 

30 target molecules, buffer (1024) (referred to as •Illumination buffer" in the figure) is added. For 
convenience, buffer (1024) may be contained on section (1004), or a portion thereof, by creating 
a hydrophobic barrier on slide (1006), e.g. with a wax pen. After illumination of 
photosensitizers and release of molecular tags (1026), buffer (1024) now containing release 
molecular tags (1025) is transferred to a separation device, such as a capillary electrophoresis 

35 instrument, for separation (1 028) and identification of the released molecular tags in, for 
exan9)le, electropherogram (1030). 
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Measurements made directly on tissue samples, particularly as illustrated in Figs. IG and 
IH, may be normalized by including measurements on cellular or tissue targets that are 
representative of the total cell number in the sanq>le and/or the numbers of particular subtypes of 
cells in the saniple. The additional measurement may be preferred, or even necessary, because of 
5 the cellular and tissue heterogeneity in patient samples, particularly tumor san5)les, which may 
con5)rise substantial fractions of normal cells. For example, in Fig. IH, values for 4e total 
amount of receptor (101 1) may be given as a ratio of ttie following two measurements: area of 
peak (1032) of molecular tag ("mT/0 and the area of a peak corresponding to a molecular tag 
correlated with a cellular or tissue component common to all &e cells in the sample, e.g. tubulin, 
10 or the like. In some cases, where all ttie cells in flie sample are epithelial cells, cytoteratin may 
be used. Accordingly, detection methods based on releasable molecular tags may include an 
additional step of providing a binding compound (wifli a distinct molecular tag) specific for a 
noraoalization protein, such as tubulin. 

Figures 2A-2E illustrate another embodiment of the invention for profiling dimerization 
15 among a plurality of receptor types. Figure 2A outlines the basic steps of such an assay. Cell 
membranes (200) that are to be tested for dimers of cell surface receptors are combined with sets 
of binding coii5)ounds (202) and (204) and cleaving probe (206). Membrane jfractions (200) 
contain three different types of monomer receptor molecules ("1," "2," and "3") in its cell 
membrane which associate to form three different heterodimers: 1-2, 1-3, and 2-3. Three 
20 antibody reagents (202) and (204) are combined with membrane fraction (200), each of the 
antibody reagents having binding specificity for one of the three receptor molecules, where 
antibody (206) is specific for receptor molecule 1, antibody (204) is specific for receptor 
molecule 2, and antibody (202) is specific for receptor molecule 3. The antibody for flie first 
receptor molecule is covalently coupled to a photosensitizer molecule, labeled PS. The 
25 antibodies for the second and third receptor molecules are linked to two different tags, labeled T2 
and T3, respectively, through a linkage that is cleavable by an active species generated by the 
photosensitizer moiety. 

After mixing, the antibodies are allowed to bind (208) to molecules on the surfece of the 
membranes. The photosensitizer is activated (210), cleaving the linkage between tags and 
30 antibodies that are within an actionable distance from a sensitizer molecule, thereby releasing 
tags into the assay medium. Material from the reaction is then separated (212), c.g., by capillary 
electrophoresis, as illustrated. As shown at the bottom of Figure 2A, the tags T^ and T3 are 
released, and separation by electrophoresis will reveal two bands corresponding to these tags. 
Because the tags are designed to have a known electrophoretic mobility, each of the bands can be 
35 uniquely assigned to one of the tags used in the assay. 
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As shown in Fig. 2A, only two of the three differeatheterodimers that are present in ih^ 
cell membrane will bind both a photosensitizer-containing antibody and a tag-containing 
antibody, and thus only these two species should give rise to released tags. However, multiple 
experiments are required to measure the relative amounts of the different dimers. Fig. 2B 

5 provides a table listing five different assay combinations. Jn Fig. 2C are the illustrative results 
for each assay composition. Assay I represents the results fix>m tiie complete assay, as described 
m Figure 2A. In Assay n, the antibody specific for receptor molecule 1, which is linked to the 
photosensitizer, is omitted. This assay yields no signal, indicating that the T2 and T3 signals 
obtained in Assay I require the photosensitizer reagent. Similarly, Assay V shows that the tag 

10 signals require the presence of the membranes. Assays m and IV diow that each tagged reagent 
does not require the presence of the other to be cleaved. Hiese results, when considered together, 
allow one to draw conclusions regarding flie presence and conq>osition of receptor heterodimcrs 
present in the membrane, as given in Figure 2C, i. e. , that botti the 1 -2 and the I -3 heterodimer are 
present Furthennore, the relative signal intensities bam each tag allow one to estimate the 

1 5 relative abundance of each of the heterodimers. 

A conclusion regarding edstence of the 2-3 heterodimer cannot be made with the 
combination of reagents used in fliis assay, however. No signal representing this con:9)lex will be 
obtained, whether or not the con?)lex is present, because it will not have a photosaisitizer 
reagent bound to it In order to draw conclusions regarding every possible dimeric combination 

20 of the three monomers, either a fourth reagent must be used fliat can be localized to every 

possible oUgomer comprising monomers 1, 2, and/or 3, or the fliree binding agents used in this 
experiment must be coupled in different combinations to tags and sensitizer molecules. The later 
strategy is illustrated in Figures 2D and 2E. Three possible combinations of photosensitizer and 
tag distribution among the three antibody reagents are listed in the table on the left of Figure 2D. 

25 The first combination comprises a photosensitizer coupled to the antibody specific for monomer 
number 1, and is the same combination used in the illustration of Figure 2A-2C, and has the same 
dimer population as in Figure 2C. The second combination comprises a photosensitizer coupled 
to the antibody specific for monomer number 2, and the population profile yields tiie same 
number for heterodimer 1-2, plus a value for heterodimer 2-3. The third combination conqirises 

30 a photosensitizer coupled to the antibody specific for monomer number 3, and the population 
profile yields flie same number for heterodimer 1-3 and 2-3 as obtained firom the first two 
combinations. These results can be combined to yield the overall heterodimer population profile 
given in Figure 2E. 

A preferred embodiment for measuring relative amounts of receptor dimers containing a 
35 common component receptor is illustrated in Fig. 2F. hi this assay design, two different receptor 
dimers ("1-2" (240) and •'2-3" (250)) each having a common component, "2," may be measured 
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ratiometrically with respect to tire common conqKmcnt An assay design is shown for 
measuring receptor heterodimer (240) comprising receptor "I" (222) and receptor "2" (220) and 
receptor heterodimer (250) comprising receptor "2" (220) and receptor •'3"(224). A key feature 
of this embodiment is that cleaving probe (227) be made specific for the common receptor of the 

5 pair of heterodimeis. Binding compound (228) specific for receptor "2" provides a signal (234) 
related to flie total amount of receptor "2" in the assay, whereas binding compound (226) specific 
for receptor "1" and binding compound (230) specific for receptor "3" provide signals (232 and 
236, respectively) related only to ttie amount of receptor "1" and receptor "3" present as 
heterodimera with receptor "2," respectively. The design of Fig. 2F may be generalized to more 

10 than two receptor conq>lexes Aat contam a common component by sinq>ly adding binding 
conqmunds specific for the ccmiponents of the additional complexes. 

A. Binding Conqwunds 

As mentioned above, mixtures containing pluraHties of different binding compounds 

15 may be provided, wherein each different binding conqjound has one or more molecular tags 

attached through cleavable linkages. The nature of the binding con^wund, deavable linkage and 
molecular tag may vary widely. A binding compound may comprise an antibody binding 
composition, an antibody, a peptide, a peptide or non-peptide ligand for a ceU surfece receptor, a 
protein, an oligonucleotide, an oUgonucleotide analog, such as a peptide nucleic acid, a lectin, or 

20 any other molecular entity fliat is capable of specific binding or stable conq)lex foimation with an 
analyte of interest, such as a conq)lex of proteins, hi one aspect, a binding conqwund, which can 
be represented by the formula below, conqnises one or more molecular tags attached to a bmding 
moiety. 

25 B-(L.E)k 

wherein B is bindmg moiety; L is a cleavable linkage; and E is a molecular tag. In homogeneous 
assays, cleavable linkage, L, may be an oxidation-labile linkage, and more preferably, it is a 
linkage that may be cleaved by singlet oxygen. The moiety "-(L-E)*- indicates that a single 

30 binding conqwund may have multiple molecular tags attached via cleavable link^. In one 
aspect, k is an integer greater than or equal to one, but in other embodiments, k may be greater 
than several hundred, e.g. 100 to 500, or kis greater than several hundred to as many as several 
fliousand, e.g. 500 to 5000. UsuaUy each of fte plurahty of different types of binding 
compound has a different molecular lag, E. Qeavable linkages, e.g. oxidation-labUe linkages, 

35 and molecular tags, E, are attadied to B Iqr way of conventional chemistries. 
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Preferably, B is an antibody binding conq)osition that specifically binds to a target, such 
as a predetrnnined antigenic determinant of a target protein, such as a cell surfece receptor. 
Such compositions are readily formed fit)m a wide variety of commercially available antibodies, 
both monoclonal and polyclonal, specific for proteins of int^est hi particular, antibodies 

5 specific for epidermal growth fector receptors are disclosed in the following patents, which are 
incorporated by references: 5,677,171; 5,772,997; 5,968,511; 5,480,968; 5,811,098. U.S. patent 
6,488,390, incorporated herein by reference, discloses antibodies specific for a G-protein coi^led 
receptor, CCR4. U.S. patent 5,599,681 , incorporated herein by reference, discloses antibodies 
specific for phosphorylation sites of proteins. Commercial vendors, such as Cell Signaling 

10 Technology (Beverly, MA), Biosource International (Camarillo, CA), and Upstate 

(Charlottesville, VA), also provide monoclonal and polyclonal antibodies specific for many 
receptors. 

Cleavable linkage, L, can be virtually any chemical linking group that may be cleaved 
under conditions ttiat do not degrade the structure or affect detection characteristics of the 

15 released molecular tag, E. Whenever a cleaving probe is used in a homogeneous assay format, 
cleavable linkage, L, is cleaved by a cleavage agent gerierated by the cleaving probe that acts 
over a short distance so that only cleavable linkages in the immediate proximity of the cleaving 
probe are cleaved. Typically, such an agent must be activated by making a physical or chemical 
change to the reaction mixture so that the agent produces a short lived active species that diffuses 

20 to a cleavable linkage to effect cleavage. In a homogeneous format, the cleavage agent is 

preferably attached to a binding moiety, such as an antibody, that targets prior to activation the 
cleavage agent to a particular site in tiie proximity of a binding compound with releasable 
molecular. tags, hi such embodiments, a cleavage agent is referred to herein as a ^cleavage- 
inducing moiety," which is discussed more fully below. 

25 hi a non-homogeneous format, because specifically bound binding compounds are 

separated fix>m unbound binding compounds, a wider selection of cleavable linkages and 
cleavage agents are available for use. Qeavable linkages may not only include linkages that are 
labile to reaction with a locally acting reactive species, such as hydrogen peroxide, singjet 
oxygen, or the like, but also linkages that are labile to agents that operate tiiroughout a reaction 

30 mixture, such as base-labile linkages, photocleavable linkages, linkages cleavable by reduction, 
linkages cleaved by oxidation, acid-labile Unkages, peptide linkages cleavable by specific 
proteases, and the like. References describing many such linkages include Greene and Wuts, 
Protective Groups in Organic Synthesis, Second Edition (John Wiley & Sons, New York, 1991); 
Hennanson, Bioconjugate Techniques (Academic Press, New York, 1996); and Still et al, U.S. 

35 patent 5,565,324. 
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In one aspect, commercially available cleavable reagent systems may be enq>loyed with 
the invention. For exan5)le, a disulfide linkage may be introduced between an antibody binding 
composition and a molecular tag using a heterofunctional agrat such as N-succinimidyl 3-(2- 
pyridyldithio)propionate (SPDP), succininudyloxycarbonyl-«-methyl-oK2-pyridyldithio)tol^ 

5 (SMPT), or the like, available fiom vendors such as Pierce Chemical Confl)any (Rockford, DL). 
Disulfide bonds introduced by such linkages can be broken by treatment with a reducing agent, 
such as ditihioftreitol (DTT), ditWoeryftritol (DTE), 2-mercaptoethanol, sodium borohydiide, or 
the like. Typical concentrations of reducing agents to effect cleavage of disulfide bonds are in 
the range of fiom 10 to 100 mM. An oxidatively labile linkage may be introduced between an 

10 antibody binding con^)Osition and a molecular tag using tihie homobifimctional NHS ester cross- 
linking reagent, disuccinimidyl tartarate (DST)(available from Pierce) that contains central cis- 
diols tiiat are susceptible to cleavage with sodium periodate (e.g., 15 mM periodate at 
physiological pH for 4 hours). Linkages that contain esterified spacer components may be 
cleaved with strong nucleophilic agents, such as hydroxylamine, e.g. 0.1 N hydroxylamine, pH 

15 8.5, for 3-6 hours at 37 °C. Such spacers can be introduced by a homobifimctional cross-linking 
agent such as ethylene glycol bis(succinimidylsuccinate)(EGS) available fi-om Pierce (Rockford, 
IL). A base labile linkage can be introduced with a sulfone group. Homobifimctional crosis- 
linking agents that can be used to introduce sulfone groups in a cleavable linkage include bis[2- 
(succininiidyloxycarbonyloxy)ethyl]sulfone (BSOCOES), and 4,4-difluoro-3,3- 

20 dinitrophenylsulfone (DFDNPS). Exemplary basic conditions for cleavage include 0.1 M 

sodium phosphate, adjusted to pH 1 1.6 by addition of Tris base, containing 6 M urea, 0.1% SDS, 
and 2 mM DTT, with incubation at 37 ""C for 2 hours. Photocleavable linkages include those 
disclosed in Rothschild et al, U.S. patent 5,986,076. 

When L is oxidation labile, L may be a thioether or its selenium analog; or an olefin, 

25 which contains carbon-carbon double bonds, wherein cleavage of a double bond to an oxo group, 
releases the molecular tag, E. Dlustrative oxidation labile linkages are disclosed in Singh et al, 
U.S. patent 6,627,400; and U.S. patent pubUcations Singh et al, 2002/0013126; and 
2003/0170915, and in Wilhier et al, U.S. patent 5,622,929. all of which are incorporated herein 
by reference. 

30 Molecular tag, E, in the present invention may comprise an electrophoric tag as 

described in the following references when separation of pluralities of molecular tags are carried 
out by gas chromatography or mass spectrometry: Zhang et al, Bioconjugate ChenL, 13: 1002- 
1012 (2002); Giese, Anal. Chem., 2: 165-168 (1983); and U.S. patents 4,650,750; 5,360,819; 
5,516,931; 5,602,273; and the like. 

35 Molecular tag, E, is preferably a water-soluble organic conqjound that is stable wifli 

respect to the active species, especially singlet oxygen, and fliat includes a detection or reporter 
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group. Otherwise,Eiiiay vary widely in size and structure. In one aspect, E has a molecular 
weight in the range of from about 50 to about 2500 daltons, more preferably, from about 50 to 
about 1500 daltons. Preferred structures ofE are described more fully below. E may comprise a 
detection group for generating an electrochemical, fluorescent, or chromogenic signal. In 

5 embodiments employing detection by mass, E may not have a separate moiety for detection 
purposes. Preferably, the detection group generates a fluorescent signal. 

Molecular tags within a plurality are selected so that each has a unique separation 
• characteristic and/or a unique optical property with re^ct to the other members of the same 
plurahty. In one aspect, the chromatographic or electrophoretic separation characteristic is 

10 retention time under set of standard separation conditions conventional in the art, e.g. voltage, 
column pressure, colunm type, mobile phase, electrophoretic separation medium, or flie like. In 
another aspect, the optical property is a fluorescence property, such as emission spectrum, 
fluorescence lifetime, fluorescence intensity at a given wavelength or band of wavelengths, or the 
like. Preferably, the fluorescence property is fluorescCTice intensity. For example, each 

15 molecular tag of a plurality may have the same fluorescent emission properties, but each will 
differ from one another by virtue of a unique retention time. On the other hand, or two or more 
of the molecular tags of a plurality may have identical migration, or retention, times, but they • 
will have unique fluorescent properties, e.g. spectrally resolvable emission spectra, so that all the 
menibers of the plurality are distinguishable by the combination of molecular separation and 

20 fluorescence measurement 

Preferably, released molecular tags are detected by electrophoretic separation and tiie 
fluorescence of a detection group. In such embodinraits, molecular tags having substantially, 
identical fluorescmcc properties have different electrophoretic mobilities so that distinct peaks in 
an electropherogram are formed under separation conditions. Preferably, pluralities of 

25 molecular tags of the invention are separated by conventional capillary electrophoresis apparatus, 
either in the presence or absence of a convrational sieving matrix. Exemplary capillary 
electrophoresis apparatus include Applied Biosystems (Foster City, CA) models 310, 3100 and 
3700; Beckman (Fullerton, CA) model P/ACE MDQ; Am^sham Biosciences (Sunnyvale, CA) 
MegaBACE 1000 or 4000; SpectruMedix genetic analysis system; and the like. Electrophoretic 

30 mobility is proportional to q/M^, where q is the charge on tiie molecule and M is the mass of the 
molecule. Desirably, flie difference in mobility under the conditions of the determination 
between the closest electrophoretic labels will be at least about 0.001, usually 0.002, more 
usually at least about 0.01, and may be 0.02 or more. Preferably, in such conventional apparatus, 
the electrophoretic mobilities of molecular tags of a plurality differ by at least one percent, and 

35 more preferably, by at least a percentage in the range of from 1 to 1 0 percent Molecular tags are 
identified and quantified by analysis of a separation profile, or more specifically, an 
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electropherogram, and such values are correlated witti the amounts and kinds of receptw dimers 
present in a sample. For example, during or after declrophoretic separation, the molecular tags 
are detected or identified by recording fluorescence signals and migration times (or migiatian 
distances) of the separated compounds, or by constructing a chart of relative fluorescent and 
order of migration of the molecular tags {e.g., as an electropherogram). Preferably, the presence, 
absence, and/or amounts of molecular tags are measured by using one or more standards as 
disclosed by Williams et al. U.S. patent pubUcation 2003/0170734A1, which is incorporated 
herein by reference. 

Pluralities of molecular tags may also be designed for separation by chronatogtaphy 
based on one or more physical characteristics that include but are not limited to molecidar 
weight, shape, solubiUty, pKa, hydrophobicity, charge, polarity, or the like, e.g. as disclosed in 
U.S. patent publication 2003/0235832. which is incorporated by reference. A chromatographic 
separation technique is selected based on parameters such as column type, soUd phase, mobile 
phase, and the like, followed by selection of a plurality of molecular tags that may be separated 
15 to form distinct peaks or bands ma single operation. Several fectora determine which HPLC 
technique is selected for use in the mvention, including the number of molecular tags to be 
detected (i.e. flie size of the pluraUty), the estimated quantities of each molecular tag that will be 
generated in the assays, fee availability and ease of synthesizing molecular tags that are 
candidates for a set to be used in multiplexed assays, the detection modality employed, and the 
20 avaQabiUty, robustness, cost, and ease of operation of HPLC instrumentation, columns, and 
solvents. Generally, columns and techniques are favored that are suitable for analyzing limited 
amounts of sample and that provide the highest resolution separations. Guidance for making 
such selections can be found in the literature, e.g. Snyder et al, Practical HPLC Method 
Development, (John Wiley & Sons. New York, 1988); Milhier, "High Resolution 
25 Chromatography: A Practical Approach", Oxford University Press, New York (1999), Chi-San 
Wu, "Column Handbook for Size Exclusion Chromatography", Academic Press, San Diego 
(1999), and Oliver, "HPLC of Macromolecules: A Practical Approach, Oxford University 
Press", Oxford, England (1989). In particular, procedures are available for systematic 
development and optimization of chromatographic separations given conditions, such as column 
30 type, solid phase, and the like. e.g. Haber et al, J. Chromatogr. Sci., 38: 386-392 (2000); Outmen 
et al, Eur. J. Pharm. Sci.. 6: 197-205 (1998); Lewis et al, J. Chromatogr., 592: 183-195 and 197- 
208 (1992); and the Uke. An exemplary HPLC instrumentation system suitable for use with the 
present invention is the Agilent 1 100 Series HPLC system (Agilent Technologies. Palo Alto. 
CA). 

35 In one aspect, molecular tag. E, is (M. D). where M is a mobiUty-modi^ moiety and 

D is a detection moiety. The notation "(M. D)" is used to indicate that the ordering of the M and 
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D moieties may be such that either moiety can be adjacent to the cleavable linkage, L. That is, 
'*B-L-(M, D)" designates binding compound of either of two forms: '"B-L-M-D" or •'B-L-D-M." 

Detection moiety, D, may be a fluorescent label or dye, a chromogenic label or dye, an 
electrochemical label, or flie like. Preferably, D is a fluorescent dye. Exen5)laiy fluorescent 

5 dyes for use with the invention include water-soluble rhodamine dyes, fluoresceins, 4,7- 

dichlorofluoresceins, benzoxanthene dyes, and energy transfer dyes, disclosed in tiie following 
references: Handbook of Molecular Probes and Research Reagents, 8* ed., (Molecular Probes, 
Eugene, 2002); Lee et al, U.S. patent 6,191,278; Lee et al, U.S. patent 6,372,907; Menchen et al, 
U.S. patent 6,096,723; Lee et al, U.S. patent 5,945,526; Lee et al. Nucleic Acids Research, 25: 

10 2816-2822 (1997); Hobb, Jr., U.S. patent 4,997,928; Khanna et al,, U.S. patent 4,318,846; and 
the like. Preferably, D is a fluorescein or a fluorescein derivative. 

In an embodiment illustrated in Fig. 3 A, binding con?)ounds con?>rise a biotinylated 
antibody (300) as a binding moiety. Molecular tags are attached to binding moiety (300) by way 
of avidin or stx^ptavidin bridge (306). Preferably, in operation, binding moiety (300) is first 

15 reacted with a target complex, after which avidin or streptavidin is added (304) to fonn antibody- 
biotin-avidin complex (305). To such complexes (305) are added (308) biotinylated molecular 
tags (310) to form binding compound (312). 

In still another embodiment illustrated in Fig. 3B, binding compounds comprise an 
antibody (314) daivatized with a multi-functional nwiety (316) that contains multiple functional 

20 groups (318) that are reacted (320) molecular tag precursors to give a final binding con5)ound 
having multiple molecular tags (322) attached. Exemplary multi-functional moieties include 
aminodextran, and like materials. 

Once each of ttic binding compounds is separately derivatized by a different molecular 
tag, it is pooled with other binding compounds to form a plurality of binding compounds. 

25 Usually, each dififermt kind of binding compound is present in a composition in the same 
proportion; however, proportions may be varied as a design choice so that one or a subset of 
particular binding compounds are present in greater or lower proportion depending on the 
desirability or requirements for a particular embodiment or assay. Factors that may affect such 
design choices include, but are not limited to, antibody affinity and avidity for a particular target, 

30 relative prevalence of a target, fluorescent characteristics of a detection moiety of a molecular 
tag, and the like. 

B. Qeavage-Inducing Moiety Producing Active Species 

A cleavage-inducing moiety, or cleaving agent, is a group that produces an active species 
35 that is capable of cleaving a cleavable linkage, preferably by oxidation. Preferably, ttie active 
species is a chemical species that exhibits short-lived activity so that its cleavage-indudng effects 
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are only in the proximity of the site of its generation. Either the active species is inherently short 
lived, so that it wUl not create significant background because beyond the proximity of its 
creation, or a scavenger is employed that efficiently scavenges the active species, so that it is not 
available to react with cleavable linkages beyond a short distance fiom &e site of its generation. 

5 Dlustrative active species include singlet oxygen, hydrogen peroxide, NADH, and hydroxyl 
radicals, phenoxy radical, superoxide, and the like. Illustrative quenchers for active species feat 
cause oxidation include polyenes, carotenoids, vitamin E, vitanain C, amino acid-pytrole N- 
conjugates of tyrosine, histidine, and glutathione, and flielike, e.g. Beutner et al, Mefe. 
Enqrmol., 3 19: 226-241 (2000). 

10 An important consideration in designing assays employing a cleavage-inducing moiely 

and a cleavable linkage is that they not be so far removed from one another when bound to a 
receptor complex that the active species generated by the cleavage-inducing moiety cannot 
efficiently cleave the cleavable linkage. In one aspect, cleavable linkages preferably are within 
1000 nm, and preferably within 20-200 nm, of a bound cleavage-inducing moiety. More 

15 preferably, for photosensitizer cleavage-inducing moieties generating singjet oxygen, cleavable 
linkages are wifliin about 20-100 nm of a photosensitizer in a receptor conq)lex. The range 
within which a cleavage-inducing moiety can effectively cleave a cleavable linkage (that is, 
cleave enough molecular tag to gen«aate a detectable signal) is referred to herein as its "eflGsctive 
proximity." One of ordinary skill in the art recognizes that the efiFective proximity of a particular 

20 sensitizer may depend on the details of a particular assay design and may be determined or 

modified by routine expei imentaticm. 

A sensitizer is a compound tibat can be induced to generate a reactive intermediate, or 
species, usually singlet oxygen. Preferably, a sensitizer used in accordance with the invention is 
a photosensitizer. Other sensitizers included within the scope of the invention are compounds 

25 fliat <m excitation by heat, li^^ ionizing radiation, or chemical activation wUl release a molecule 
of singlet oxygen. The best known members of tiiis class of compounds include the 
endoperoxides such as l,4-biscari)oxyethyl-l,4-naphthalene endoperoxide, 9,10- 
diphenylantbracene-9,10-endoperoxide and 5,6,1 1,12-tetraphenyl naphthalene 5,12- 
endoperoxide. Heating or direct absorption of light by these compounds releases singlet oxygen. 

30 Further sensitizers are disclosed in the following references: Di Masdo et al, FEBS Lett., 355: 
287 (1994)(peroxidases and oxygenases); Kanofsky, JBiol. Chem. 258: 5991-5993 
(1983)0actoperoxidase); Pierlot et al. Meth. Enzymol., 319: 3-20 (2000)(thermal lysis of 
endoperoxides); and the like. Attachment of a binding agent to the cleavage-inducing moiety 
may be direct or indirect, covalent or non-covalent and can be accomplished by well-known 

35 techniques, commonly available in the literature. See, for example, "Immobilized Enzymes," 
Ichiro Chibata, Halsted Press, New York (1978); Cuatrecasas, J. Biol. Chem., 245:3059 (1970). 
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As mentioned above, the preferred cleavage-inducing moiety in accordance with the 
present invention is a photosensitizer that produces singlet oxygen. As used herein, 
"photosensitizer" refers to a light-adsorbing molecule that when activated by light converts 
molecular oxygen into singlet oxygen. Photosensitizers may be attached directly or indirectly, 
5 viacovalentornon-covalentlinkages,tothebindingagentofaclass.specificreagent. Guidance 

for constructiing of such compositions, particularly for antibodies as binding agents, available in 
the literature, e.g. in the fields of photodynamic therapy, immunodiagnostics, and the like. The 
following are exemplary references: Ullman. et ai, Proc. Natl. Acad. Sci. USA 91, 5426-5430 
(1994); Strong et al. Aim. New York Acad. Sci.. 745: 297-320 (1994); Yaimush et al, Grit Rev. 
10 nieraiLutic Drug Carrier Syst.. 10: 197-252 (1993); Pease etal,U.S. patent 5.709.994; Ullman 
et al. U.S. patent 5.340.716; Ullman et al. U.S. patent 6,251,581; McCapra. U.S. patent 
5,516,636; and the lite. 

A large variety of light sources are available to photo-activate photosensitizers 1» 
generate singlet oxygen. Both polychromatic and monchromatic sources may be used as long as 
1 5 the source is sufficiently intense to produce enough singlet oxygpn in a practical time duration. 
Hie length of the irradiation is dependent on 4e nature of the photosensitizer. the nature of the 
. deavablc linkagp, the power of the source of irradiation, and its distance from the sample, and so 
forth. In general, the period for irradUtion may be less than about a microsecond to as long as 
about 10 minutes, usually in the range of about one miUisecond to about 60 seconds. The 
20 intensity and length of irradiation should be sufficientto excite at least about 0.1% of the 
photosensitizer molecules, usually at least about 30% of the photosensitizer molecules and 
prefiaably, substantiaUy all of the photosensitizer molecules. Exemplary ligjit sources include, 
by way of illustration and not limitation, lasers such as, eg., helium-neon lasers, argon lasers, 
YAG lasers, He/Cd lasers, and ruby lasers; photodiodes; mercury, sodium and xenon vapor 
25 lamps; incandescent lamps such as, eg., tungsten and tungstenAialogen; flashlamps; and liie like. 
By way of example, a photoactivation device disclosed in Bjomson et al. International patent 
publication WO 03/051669 is employed. Briefly, the photoactivation device is an array of Ught 
emitting diodes (LEDs) mounted m housing that permits the simultaneous illumination of all the 
vwslls in a 96-wcU plate. A suitable LED for use in the present invention is a high power GaAIAs 
30 m emitter, such as model OD-880W manufactured by OPTO DIODE CORP. (Newbury Park, 
CA). 

Examples of photosensitizers that may be utilized in the present invention are those that 
have the above properties and are enumerated in the following references: Singh and Ulhnan. 
U.S. patent 5.536.834; Li et al, U.S. patent 5.763.602; Martin et al. Methods Enzymol.. 186: 635- 
35 645 (1990);Yannush et al. Crit. Rev. Therapeutic Drug Carrier Syst. 10: 197-252 (1993); Pease 
et al. U.S. patent 5,709,994; Ulhnan et al, U.S. patent 5,340,716; Ulhnan et al, U.S. patent 
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6,251,581; McCapra, U.S. patent 5,516,636; Thetfoid, European patent publ. 0484027; Sessler et 
aU SPIE, 1426: 318-329 (1991); Magda et al, U.S. patent 5,565,552; Roelant, U.S. patent 
6,001.673; and the like. 

As with sensitizeis, in certain embodiments, a photosensitizer may be associated with a 

5 solid phase support by being covalently or non-covalently attached to the surface of the support 
or incorporated into the body of fte support hi general, the photosensitizer is associated with the 
siq)port in an amount necessary to achieve the necessary amount of singlet oxygen. Generally, 
the amount of photosensitizer is detennined empirically. 

In one embodiment, a photosensitizer is mcorporated into a latex particle to form 

10 photosensitizer beads, eg. as disclosed by Pease et al, U.S. patent 5,709,994; Polhier, U.S. 

patent 6,346,384; and Pease et al, PCX publication WO 01/84157. Alternatively, photosensitizer 
beads may be prepared by covalently attaching a photosensitizer, such as rose bengal, to 0.5 
micron latex beads by means of chloromethyl groups on the latex to provide an ester linking 
group, as described in J. Amer. Chem. Soc, 97: 3741 (1975). Use of such photosensitizer beads 

15 is illustrated in Fig. 3C. As described in Fig. IC for heteroduplex detection, complexes (330) are 
. formed after combining reagents (1 122) with a sample. This reaction may be carried out, for 
example, in a conventional 96-well or 384-well microtiter plate, or the like, having a filter 
membrane that forms one wall, e.g. the bottom, of the wells that aDows reagents to be removed 
by the application of a vacuum. This allows the convenient exchange of buffers, if the buffer 

20 required for specific binding of binding con?)ounds is different that the buffer required for either 
singlet oxygen generation or separation. For example, in Ate case of antibody-based binding 
compounds, a high salt buffer is required. If electrophoretic separation of the released tags is 
err^jloyed, then better performance is achieved by exchanging the buffer for one that has a lower 
salt concentration suitable for electrophoresis, fa this embodiment, instead of attaching a 

25 photosensitizer directly to a binding compound, such as an antibody, a cleaving probe comprises 
two components: antibody (332) derivatized with a capture moiety, such as biotin (indicated in 
Fig. 3C as * W) and photosensitizer bead (338) whose surface is derivatized with an agent (334) 
Oiat specifically binds wifli ike capture moiety, such as avidin or streptavidin. Complexes (330) 
are then captured (335) by photosensitizer beads by way of flie capture moiety, such as biotin 

30 (336). Conveniently, if the pore diameta: of the filter membrane is selected so that 

photosensitizer beads (338) cannot pass, then a buffer exchange also serves to remove unbound 
binding conqpounds, which leads to an improved signal. After an appropriate buffer for 
separation has been added, if necessary, photosensitizer beads (338) are illuminated so that 
singlet oxygen is generated (342) and molecular tags are released (344). Such released molecular 

35 tags (346) are then separated to form separation profile (352) and duners are quantified 
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ratiometiicaUy fiom peaks (348) and (350). Photosensitizer beads may be used in either 
homogeneous or heterogeneous assay formats. 

Preferably, when analytes, such as cell surface receptors, are being detected or antigen in 
a fixed sample, a cleaving probe may conqmse a primary haptenated antibody and a secondary 

5 anti-hapten binding protein derivatized with multiple photosensitizer molecules. A preferred 
primary haptenated antibody is a biotinylated antibody, and preferred secondary anti-hapten 
binding proteins may be either an anti-biotin antibody or streptavidin. Other combinations of 
such primary and secondary reagents are well known in the art, e.g. Haugland, Handbook of 
Fluorescent Probes and Research Reagents, Ninth Edition (Molecular Probes, Eugene, OR, 

10 2002). An ©cemplary combination of such reagents is illustrated in Fig. 3E. Therebinding 

compounds (366 and 368) having releasable tags ("mT," and ^^Tj" in the Figure), and primary 
antibody (368) derivatized with biotin (369) are specifically bound to dififerent epitopes of 
receptor dimer (362) in membrane (360). Biotin-specific binding protein (370), e.g. streptavidin, 
is attached to biotin (369) bringing multiple photosensitizers (372) into effective proximity of 

15 binding con^unds (366 and 368). Biotin-specific binding protein (370) may also be an anti- 
biotin antibody, and photosensitizers may be attached via finee amine gcoup on the protein by 
conventional coupling chemistries, e.g. Hermanson (cited above). An exen5>lary photosensitizer 
for such use is an NHS ester of methylene blue prepared as disclosed in Shimadzu et al, 
European patent publication 05 10688. 

20 

Assav Conditions 

The following general discussion of methods and specific conditions and nmterials are 
by way of illustration and not limitation. One of ordinary skill in the art will understand how the 
methods described herein can be adapted to other applications, particularly wift using dififerent 

25 samples, cell types and target complexes. 

In conducting the methods of the invention, a combination of the assay components is 
made, includmg the sample being tested, fee binding compounds, and optionally fee cleaving 
probe. Generally, assay components may be combined in any order. In certain applications, 
however, fee order of addition may be relevant. For example, one may wish to monitor 

30 conq)etitive binding, such as in a quantitative assay. Or one may wish to monitor fee stability of 
an assembled complex. In such apphcations, reactions may be assembled in stages, and may 
require incubations before fee conrplete mixture has been assembled, or before fee cleaving 
reaction is ioitiated. 

The amounts of each reagent are usually determined empirically. The amount of sample 
35 used in an assay will be determined by fee predicted number of target complexes present and fee 
means of separation and detection used to monitor fee signal of fee assay. In general, fee 
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amounts of the bmding compounds and the cleaving probe are provided in molar excess relative 
to the expected amount of the target molecules in the sample, generaUy at a molar excess of at 
least 1.5. more desirably about 10-fold excess, or more. In specific applications, Ihe 
concentration used may be higher or lower, depending on the affinity of the binding agents and 
5 the expected number of target molecules present on a single cell. Where one is determining the 
effect of a chemical conqjound on formation of oligomeric cell surface complexes, the conq)ound 
may be added to the cells prior to, simultaneously wilh, or after addition of the probes, depending 
on the effect being monitored. 

The assay mixture is combined and incubated under conditions that provide for binding 
10 of the probes to the ceU surface molecules, usually in an aqueous medium, generally at a 

physiological pH (comparable to the pH at which the cells are cultures), maintained by a buffer at 
a concentration in the range of about 10 to 200 mM. Conventional buffers may be used, as wdl 
as otiier conventional additives as necessary, such as salts, growfli medium, stabilizers, etc. 
Pltysiological and constant teniperatures are normally eiiq>loyed. facubation tempwatures 
15 normally range from about 4» to 70»C, usually from about 1 5» to 45«'C, more usually 25" lo 37°. 

After assembly of the assay mixture and incubation to allow Ihe probes to bind to cell 
surfece molecules, the mixture is treated to activate the cleaving agent to cleave the tags from the 
binding compounds Aat are within fee effective proximify of Ihe cleaving agent, releasing the 
corresponding tag from the cell surfece into solution. The nature of this treatment wiU depend on 
20 the mechanism of action of tiie cleaving agent For exan5>le, where a photosensitizer is 

enqiloyed as the cleaving agent, activation of cleavage will conqirise irradiati<H» of the mixture at 
the wavelength of light appropriate to flie particular soisitizer used. 

Following cleava^, the sanq>le is then analyzed to determine the identity of tags that 
have been released. Where an assay enq)loying a plurality of bindiiig con?)Ounds is employed, 
25 separation of tiie released tags will generally precede their detection. The meftods for both 
separation and detection are determined in tbe process of designing the tags for the assay. A 
preferred mode of separation enqiloys electrophoresis, in which flie various tags are separated 
based on known differences in their electrophoretic mobiHties. 

As mentioned above, in some embodiments, if the assay reaction conditions may 
30 interfere with the separation technique employed, it may be necessary to remove, or exchange, 
the assay reaction buffer prior to cleavage and separation of fee molecular tags. For exan?)le, 
assay conditions may include salt concentrations (e.g. required for specific binding) tfiat degrade 
separation performance when molecular tags are separated on the basis of electrophoretic 
mobility. Thus, such high salt buffers may be removed, e.g. prior to cleavage of molecular tags, 
35 and replaced with anoflier buffer suitable for electrophoretic separation through filtration, 
aspiration, dilution, or o&er means. 
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EXAMPLES 

5 Sources of Materials Used in Examples 

Antibodies specific for Her receptors, adaptor molecules, and normalization standards 
are obtained from commercial vendors, including Labvision, Cell Signaling Technology, and BD 
Biosciences. All ceU lines were purchased from ATCX:. All human snap-frozen tissue sanyles 
were purchased from either William Bainbridge Genome Foundation (Seattle. WA) or Bio 

10 Research Support (Boca Raton, FL) and were approved by Listitutional Research Board (IRB) at 
the supplier. 

The molecular tag-antibody conjugates used below are formed by reacting NHS esters of 
the molecular tag with a free amine on the indicated antibody using conventional procedures. 
Molecular tags, identified below by their •Tro.N" designations, are disclosed in the following 
15 references: Singh et al, U.S. patent publications, 2003/017915 and 2002/0013 126, which are 
incorporated by reference. Briefly, binding conqwunds below are molecular tag-monoclonal 
antibody conjugates formed by reacting an NHS ester of a molecular tag with fi:ee amines of die 
antibodies in a conventional reaction. 

20 Example 1 

Anal ysis of Cell Lvsates for Her-2 Heterodimerization 
and Receptor Phosphorylation 
hi this example, Herl-Her2 and Hei2-Her3 heterodimers and phosphorylation states are 
measured in cell lysates from several cell lines after treatment with various concentrations of 
25 epidermal growth factor (EGF) and heregulin (HRG). Measurements are made using three 
binding compounds and a cleaving probe as described below. 

Sample Preparation: 

30 1. Serum-starve breast cancer cell line culture overnight before use. 

2. Stimulate cell lines with EGF and/or HRG in culture media for 10 minutes at iTC. 
Exemplary doses of EGF/HRG are 0, 0.032. 0.16, 0.8, 4, 20, 100 nM for all cell Unes 
(e.g. MCF-7, T47D, SKBR-3) except BT20 for which the maximal dose is increased to 
500 nM because saturation is not achieved with 100 nM EGF. 

35 3. Aspirate culture media, transfer onto ice, and add lysis buffer to lyse cells in situ. 
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4. Scrape and transfer lysate to microfuge tube. Incubate on ice for 30 min. Microfugeat 

14,000 rpm. 4**C, for 10 min. (Centrifugation is optional.) 

5. Collect siiperxiatants as lysates and aliquot for storage at --80°C until iise. 

5 Assay: 

Assay design: As illustrated diagranmiatically in Fig. 4A, Her2-Her3 heterodimers (900) are 
quantified ratiometricaUy based on the binding of cleaving probe (902) and binding compounds 
(904), (906), and (908). A photosensitizer indicated by "PS" is attached to cleaving probe (902) 
10 via an avidin-biotin linkage, and binding compounds (904), (906), and (908) are labeled with 
molecular tags Prol4, ProlO, and Prol 1. respectively. Binding compound (904) is specific for a 
phosphorylation site on Her3. 

The total assay volume is 40 ul. The lysate volume is adjusted to 30 ul with lysis buffer. The 
15 antibodies are diluted in lysis buffer up to lOul. Typically --5000 tol5000 cell-equivalent of 
lysates is used per reaction. The detection limit is -1000 ceU-equivalent of lysates. 

Procedure: Final concentrations of pre-mixed binding compounds (i.e. molecular tag- or biotin- 
antibody conjugates) in reaction: 

20 

Pro4_anti-Her-2: 0.lug/ml 
ProlO_anti-Her-l: 0.05-0.1 ug/ml 
Proll_anti-Her-3: 0.1 ug/ml 
Pro2_anti-phospho-Tyr: 0.1 ug/ml 
25 Biotin_anti-Her-2: 1-2 ug/ml 

1. To assay 96-well, add 10 ul antibody mix to 30 ul lysate and incubate for 1 hour at RT. 

2. Add 2 ul streptavidin-derivatized cleaving probe (final 2 ug/well) to assay well and 
incubate for 45 min. 

30 3. Add 150 ul of PBS with 1% BSA to 96-well filter plate (Millipore MAGVN2250) and 
incubate for 1 hr at RT for blocking. 

4. Empty filter plate by vacuum suction. Transfer assay reactions to filter plate and apply 

vacuum to empty. 

5. Add200ul wash buffer and apply vacuum to empty. Repeat one time. 

35 6. Add 200 ul illumination buffer and apply vacuum to empty. Repeat one time. 
7. Add 30 ul illumination buffer and illuminate for 20 min. 
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8. Transfer 10 ul of each reaction to CE assay plate for analysis using an ABBIOO CE 
instrument with a 22 cm capillary (injection conditions: 5 kV, 75 sec, 30°C; run 
conditions: 600 sec, 30°C). 

S Assay buffers are as follows: 

Lysis Buffer (made fresh and stored on ice) 





Final 


ul 


Stock 


10 


1% Triton X-100 


1000 


10% 




20inMTris-HCl(pH7.5) 


200 


IM 




lOOmMNaa 


200 


5M 




50inMNaF 


500 


IM 




SO mM Na beta-glyceropho^hatB 


1000 


0.5 M 


15 


linMNa3V04 


100 


0.1 M 




SmMEDTA 


100 


0.5 M 




10ugMpq>statm 


100 


1 mg/nil 




1 tablet (per 10 ml) Roche Con5)lete protease inhibitor (#1836170) 


N/A 


N/A 




Wata: 


6500 


N/A 


20 




10 ml Total 




Wash buffer (stored at 4 "C) 








Final 


ml 


Stock 




l%NP-40 


50 


10% 


25 


IxPBS 


50 


lOx 




ISOnaMNaQ 


15 


SM 




5mMEDTA 


5 


0.5 M 




Water 


380 


m 






500 ml Total 


30 










niumination buffen 








Final 


ul 


Stock 




O.O0SXPBS 


50 


Ix 


35 


CEstd 


3 


lOOx 
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10 mM Tris-HCl (pH 8.0) ^AU 
IGpMAieO 

10pMA315 InM 
lOpMHABA InM 
Water 10,000 N/A 

10ml Total 



10 



Data Analysis: 

1. Normalizerelative fluorescence umts(RI^signd of each m 

reference standard A3 15 (a fluorescein-derivatized deoxyadenosine monophosphate tiiat 
has known peak position relative to molecular tags from ttie assay upon electrophoretic 



2. Subtract RFU of '"no lysate" background control from corresponding molecular tag 

IS signals. 

3. Report heterodimerization for Her-1 or Her-3 as fte corresponding RTO 

RFU from Pro4_anti-Her-2 from assay weUs using biotin-anti-Her-2. 

4. Report receptor phosphorylation for Her-1,2,3 as RFU from Pro2_PT100 anti-phospho- 
Tyr ratiometric to RFU from Pro4_anti-Her-2 from assay wells using biotin-anti-Her-2. 

20 

Results of the assays are illustrated in Figs, 4B-4H. Fig. 4B shows tite quantity of Herl-Her2 
heterodimers increases on MCF-7 cells with increasing concentrations of EGF, while the quantity 
of the same dimer show essentially no change with increasing concentrations of HRG. Fig. 4C 
shows the opposite result for Her2-Her3 heterodimers. That is, the quantity of Her2-Her3 
25 heterodimers increases on MCF-7 cells with increasing concentrations of HRG, while the 

quantity of the same dimer show essentially no change with increasing concentrations of EGF. 
Figs. 4D and 4E show the quantity of Herl-Her2 heterodimers increases on SKBR-3 cells and 
BT-20 cells, respectively, with increasing concentrations of EGF. 

30 

Example 2 

Anal yRis of Tissue Lvsates for Her 2 Heterodimerization 
and Receptor Phosphorylation 
In this exanqjle, Herl-Her2 and Her2-Her3 heterodimers and phosphorylation states are 
35 measured in tissue lysates from human breast cancer specimens. 
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Sample Preparation: 

1. Snap frozen tissues are mediamcany disrupted 

2. Transfertissues to microfage tube and add 3x tissue volumes of lysis buff^ 
appendix I) followed by vortexing to disperse tissues in buffer. 

3. iicubate on ice for 30 min widi intermittent vortexing to mix. 

4. Centrifuge at 14,000 rpm,4°C, for 20 min. 

5. CoUectsupcmatants as lysates and determine total protein concentration wit^ 
(Pierce) using a small aliquot. 

6. Aliquot the rest for storage at -SO^'C until use. 

Assay design: 

1 . The total assay volume is 40 ul. 

2. The lysates are tested in serial titration series of 40, 20, 10, 5, 2.5, 1.25, 0.63, 0.31 ug 
total-equivalents and the volume is adjusted to 30 ul with lysis buffer. Data from the 
titration series confirm the specificity of the dimerization or phosphorylation signals. 

3. A universal antibody mix comprising all eTag^tibodies diluted in lysis buffer is used a1 

the following concentrations. 

4. Individudbiotin-antibody for each receptor is added separately to thereat 

5. Three eTag assays are conducted with each tissue lysate, each using a differra^ 
antibody corresponding to specific receptor dimerization to be measured. 

6. Expression 16vel of each receptor is determined from different assay containing the 
biotin-antibody specific to the receptor. 

7. Dimerization and phosphorylation signals are determined ratiometrically only in flie 
assay containing the biotin-anti-Her-2. 

Assay controls: MCF-lOA and MCF-7 ceU lines are used as qualitative negative and positive 
controls, respectively. Cell lines are either unstimulated or stimulated with 100 nM EGF or 100 
nM HRG. Lysis buffer is included as a background control when replacing the tissue samples. 

Final concentrations of pre-mixed antibodies in reactions: 
Universal antibody mix: 

Pro4_anti-Her-2: O.lug/ml 
ProlO_anti-Her-l: O.OSug/ml 
Prol l_anti-Her-3: 0.1 ug/wl 
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Pro2_anti-phospho-Tyr: O.Ol ugtol 

Individual biotin antibody: 

Biotin_anti-Her-l : 2 ug/ml 
Biotin_anti-Her-2: 2 ug/ml 
Biotin_anti-Her-3: 2 ug/ml 

Procedure: 

1. Prepare antibody reaction mix by adding biotin antibody to universdm^ 

2. To assay 96-weU, add 10 ul universal reaction mix to 30 ul lysate and incubate for 1 hour 
atRT. 

3. Add 2 ulstreptavidin-^vatized cleaving probe (final 2 ug/well) to assay w 
incubate for 45 min. 

4. Add 150 ul of PBS with 1%BSA to 96-weUfflter plate (MflUporeMAGVN2250>m^ 

incubate for 1 hr at RT for blocking. 

5. Emptyfilterpktebyvacuumsuction. Transferassayieactionstofflterplatem^ 

vacuum to empty. 

6. Add 200 ul wash buffer and apply vacuum to empty. Repeat one time. 

7. Add 200 uliUumination buffer and apply vacuum to en?)ty. Repeat one tfane. 

8. Add 30 ul illumination buffer and illuminate for 20 min. 

9. Transfer 10 ulofeach reaction to CE assay plate for analysis using ABB 100 capil^ 
electrophoresis instrument with a 22 cm capUlary (injection conditions: 5 kV, 75 sec. 
SO'^C; run conditions: 600 sec. 30''C) 

Daia Analysis: 

1. Normalize RFU signal ofeach molecular tag against CE reference standard A3 15. 

2. Determine the cut-K)ffvriuesofRRJ (each for dimerization or phosphoryl^^^ 

which ratios are not calculated because the signals are too low to be reliable. Below the 
cut-off values, the RFU signals are not titratable in the series of lysate dilution tested. 
The values can be determined wi& a large set of normal tissues where dimerization and 
phosphorylation signals are expected to be absent or at the lowest These values also 
represent the basal level of dimerization or phosphorylation on the normal tissues to 
which tumor tissues will be compared. 
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15 



3. For the minority of nonnal tissues, if present, with RFU values above ftit cut-ofl^ 
detennine the individual RFU level and ratiometric readouts of Her-l or Her-S 
heterodinierizationorphosphQiylationpeaks detected. These san5>les represent outliers 
that should be used as matched donor controls for the corresponding tumor tissue 
samples while scoring. 

4. For all tumor samples showing tttratable RFU signals, use the lowest signal of each of 
Her-l , Her-2, Her-3, or phosphoijlation from die tissue lysate titration series as the 
background. Subtract this background from the molecular tag signals of the high dose 
lysates (e.g. 40 ug) to yield the specific RFU signals. If there is no signal dose response 
in the titration series, aU signals (which are usually very low) are considered background 
and no specific signals can be used for ratiometric analysis. 

5. Report heterodimerization for Her-l or Her-S as the conesponding specific RFU 
ratiometric to the specific RFU from fto4_anti.Her-2. If no specific RFU is obtained, 
the dimerization is negative. 

6. Report receptor phosphorylation for Her-1,2,3 as specific RFU from Pro2_anti-phospho- 
Tyr ratiometric to the specific RFU from Pro4_anti-Her-2. If no specific RFU is 
obtained, the phosphorylation is negative. 

In Figs. 5A-5C data shown are representative of multiple patients' breast tissue samples tested 
with assays of the invention. The clinical Her-2 status from immunohistochemistiy (DAKO 
Herceptest) of 9 out of 10 tumor samples was negative, indicative of either undetectable Her.2 
staining, or staining of less than 10% of the tumor cells, or a faint and barely perceptible staining 
on part of the ceU membrane of more than 10% tumor cells. The assays of the invention 
detemiined flie expression of Her-l, Her.2, and Her-3 on both normal and tumor tissues. The 

heterodimerization of Herl and Her2 and ofHer2 and Her3 was detected only in tumor tissues 
but not in ai^ normal tissues. 

Examples 

Analysis of Cell Lysates for Herl or Her2 HomodimeriTatinn 
and Receptor phc^ ^horvlatici^ 
Ssmsple preparation was carried out essentially as described in Examplt 2. Herl 
homodimerization was induced by treating the cell lines with EOF or TGFa. For 
homodimerization of Hei2 which does not have a ligand, unstimulated SKBR.3 or MDA-MD- 
453 ceUs that overexpress Her2 are compared to unstimulated MC3F-7 cells that express a low 
level of Her2. 
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Assay design: A monoclonal antibody specific to the receptor is separately conjugated 
with either a molecular tag or biotin (that is then linked to a photosensitizer via an avidin bridge), 
so tiiat the cleaving probe and a binding compound compete to bind to the same epitope in this 
example. Another binding compound is used that consists of a second anibody recognizing an 
5 overlapping epitope on the receptor, so that a ratiometric signal can be generated as a measure of 
homodimerization. The signal derived fix)m the second antibody also provides a measure of ttie 
total amount of receptor in a sample. The total amount of receptor is determined in a separate 
assay well. Receptor phosphorylation can be quantified together with either homodimerization 
or total receptor amoimt. 

10 Procedure: The assay volume is 40 ul and the general procedure is sinular to that of Example 2. 
Two assay wells, A and B, are set up for each sample to quantify homodimerization and total 
amount of receptor separately. 

For quantification of Herl-Herl homodimers: 
IS Final concentrations m antibody mix in assay well A: 

Prol 2_anti-Her-l : 0.05-0. 1 ug/ml 
Biotin_anti-Her-l: 1-2 ug/ml 
Final concentrations in antibody mix in assay well B: 

20 

ProlO_anti-Her-l: 0.05-0.1 ug/ml 
Pro2_anti-phospho-Tyn 0.1 ug/ml 
Biotin_anti-Her-l: 1-2 ug/ml 

25 For quantification of Her2-Her2 homodimers: 

Final concentrations in antibody mix in assay weU A: 

Pro4_anti-Her-l: 0.05-0.1 ug/ml 
Biotin_anti-Her-l: 1-2 ug/ml 

30 

Final concentrations in antibody mix in assay well B: 

Pro4_anti-Her-l: 0.05-0.1 ug/ml 
Pro2_anti-phospho-Tyr: 0.1 ugAnl 
35 Biotin_anti-Her-l : 1-2 ug/ml 

Data Analysis: 
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1 . Normalize RFU signal of each molecular tag against CE reference standard A3 15. 

2. Subtract RFU of "no lysate" background control from corresponding molecular tag 

signals; 

3. Report homodimerization for Her-1 or Her-2 as the corresponding nomoahzed RFU from 
assay well A as ratiometric to normalized RFU of total receptor amount from the 
corresponding assay well B. 

4. Report receptor phosphorylation fiir Her-1 or Her-2 homodimer as normalized RFU from 
Pro2_Fri00 anti-phospho-Tyr from assay weU B as ratiometric to normalized RFU from 
total receptor amount from the same assay well B . 

Results of liie assays are illustrated in Figs. 6A-6B and Fig. 7. Fig. 6A shows that the quantity of 
Herl-Hcrl homodnners on BT-20 cells increases with increasing concentration of EGF. Fig. 6B 
shows that flie quantity of Herl phosphorylation in BT-20 ceUs increases with increasing EGF 
concentration. The detection of Her2-Her2 homodimers was demonstrated by comparison of 
signals from SKBR-3 cells expressing Her2 with signals from MCF-7 cells that express reduced 
level of Her2 on the cell surface. As shown in the charts of Fig. 7, no specific titratable Her2- 
Her2 homodimer signals were detected with MCF-7 cells whereas Her2-Her2 homodimer signals 
from SKBR-3 cells were clearly above the signals from MCF-7 cells 

Example 4 

AnfllYsis of Cell Lvsatfis for Her l-Her3 Heterodimerization 
and R eceptor Phosp horylation 

San:q)les are prepared as follows: 

1 . Serum-starve breast cancer cell line culture overnight before use. 

2. Stimulate cell lines with HRG in culture media for 10 minutes at 37"C. Exemplary doses of 
HRG are 0, 0.032. 0.16, 0.8, 4. 20, 100 nM for T47D cells. 

3. Aspirate culture media, transfer onto ice, and add lysis buffer to lyse cells in sita. 

4. Scrape and transfer lysate to microfuge tabe. Incubate on ice for 30 min. Microfuge at 
14,000 rpm, 4°C, for 10 min. (Centrifugation is optional.) 

5. Collect supematants as lysates and aliquot for storage at -80°C until use. 

Assay design: TTie total assay volume is 40 ul. The lysate volume is adjusted to 30 ul with lysis 
buffer. The antibodies are diluted in lysis buffer up to 5 ul. Typically -5000 toSOOOO ceU- 
cquivalent of lysates is used perreaction. Final concentrations of pre-mixed antibodies in 
reaction: 
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ProlO_anti-Her-l: 0.05-0.1 ug/ml 
Proll_anti-Her-3: 0.1 ug/ml 
Pro2_anti-phospho-Tyr: 0.1 ug/ml 
Biotm_anti-Her-3: 1-2 ug/ml 

1 . To assay 96-well, add 5 ul antibody mix to 30 ul lysate and incubate for 1 hour at RT. 

2. Add 5 ul slreptavidin-derivatized molecular scissor (final 4 ug/well) to assay well and 
incubate for 45 min. 

3. Add 150 ul of PBS with l%BSAto 96-well filter plate (MilIiporeMAGVN2250) and 
incubate for 1 hr at RT for blocking. 

4. Empty filter plate by vacuum suction. Transfer assay reactions to filter plate and apply 

vacuum to enqrty. 

5. Add 200 ul wash bufiGa: and apply vacuum to oiqrty. Repeat one time. 

6. Add 200 ul illumination buffer and apply vacuum to empty. Repeat one time. 

7. Add 30 ul illumination buffer and illuminate for 20 min. 

8. Transfer 10 ul of each reaction to CE assay plate for analysis using ABDIOO capillary 
electrophoresis instrument with a 22 cm capillaiy (injection conditions: 5 kV, 425 sec, SO'Q 
Tim conditions: 600 sec, 30°C). 

DcOaAnafysis: 

1. Normalize RFU signal of each eTag reporter against CE reference standard A3 15. 

2. Subtract KFU of "no lysate" background control ftom corresponding eTag reporter signals. 

3. Report heterodimerization as the Her-1 derived ProlO RFU ratiometric to Prol 1 RFU from 
anti-Her-3. 

4. Report receptor phosphorylation for Her-1/3 as RFU from Pro2_PT100 anti-phospho-iy 
ratiometric to RFU from Prol l_anti-Her-3 from assay wells using biotin-anti-Her-3. 

Results of the assay are illustrated in Figs. 8A and SB. Tte data show that both Herl-Her3 
heterodimerization and dimer phosphorylation increase with increasing concentrations of HRG. 

Examples 

Increase in Herl -Her^ Recepto r nitner Expression in Cancer CeU Line^ 
f-n Reg ponse to Increase in Epid «-nift» Growth Factor 
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In this example, Herl-Her3 heterodimers are measured in ceU lysates from cancer ceU 
lines 22Rvl and A549 after tr^tment with various concentrations of epidermal growth fector 
(EGF). Measurements are made using three binding compounds and a cleaving probe as 
described below. 

Sample Preparation: 



1 . Serum-starve breast cancer cell line culture overnight before use. 

2. Stimulate cell lines with EGF in culture media for 10 minutes at 37°C. Exen^jlary doses 
10 of EGF applied to both cell lines varied between 0-100 nM. 

3. Aspirate culture media, transfer onto ice, and add lysis buffer to lyse cells in situ. 

4. Scrape and transfer lysate to nricrofuge tube. Incubate on ice for 30 min. Microfiige at 
14,000 rpm,4**C, for 10 min. (Centrifiigation is optional.) Delennine protein concentration. 

5. Collect supematants as lysates and aliquot for storage at -80*'C until use. 

15 

The assay design is essentially the same as ilhistrated in Fig. 4A. with the following exceptions: 
binding compounds (904), (906), and (908) are labeled with molecular tags ProlO, Prol 1. and 
Pro 2, respectively. The total assay volume is 40 ul. The lysate volume is adjusted to 30 ul with 
lysis buffer. The antibodies are diluted in lysis buflfer up to 5ul- Typically --5000 tolSOOO cell- 
20 equivalent of lysates is used per reaction. The detection limit is -1000 cell-equivalent of lysates. 
Procedure: Final concentrations of pre-mixed binding compounds (i.e. molecular tag- or biotin- 
antibody conjugates) in reaction: 

ProlO_anti-Her-l: 0.05-0.1 ug/ml 
25 Prol l_anti-Her-3: 0.1 ug/ml 

Pro2_anti-phospho-Tyr: 0.1 to 0.2 ug/ml 
Biotin_anti-Her-3: 1-2 ug/ml 

1 . To assay 96-well, add 5 ul antibody mix to 30 ul lysate and incubate for 1 hour at RT. 
30 2. Add 5 ulstreptavidin-derivatized cleaving probe (find 4 ug/weU) to assay 

incubate for 45 min. 

3. Add 150 ul of PBS with 1% BSA to 96-well filter plate (MiUipore MAGVN2250) and 
incubate for 1 hr at RT for blocking. 

4. Enq)ty filter plate by vacuum suction. Transfer assay reactions to filter plate and apply 
35 vacuum to en^ty. 

5. Add 200 ul wash buffer and apply vacuum to empty. Repeat one time. 
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6. Add 200 uimumination buffer and apply vacuum to empty. Repeat one time. 

7. Add 30 ul illumination buffer and illuminate for 20 min. 

8. Transfer lOulofeachreacrtiontoCEassayplateforanalysisusinganABDlOOCT 
instrument with a 22 cm capillary (injection conditions: 5 kV, 70 sec, 30'C; run conditions: 
425 sec, SO'^C). 



Assay buffers are as follows: 

Lysis Buffer (made firesh and stored on ice) 



Final 


ul 


Stock 




1% Triton X-100 


1000 


10% 


20 mM Tris-Ha 0>H 7.5) 


500 


IM 


lOOmMNaCl 


200 


5M 


SOmMNaF 


500 


IM 


SO niM Na beta-gtycerophosphate 


500 


1.0 M 


linMNajV04 


100 


0.1 M 


SmMEDTA 


100 


0.5 M 


10 ug/ml pepstatin 


100 


1 mg/ml 


1 tablet (per 10 ml) Roche Complete protease inhibitor (#1836170) 


N/A 


N/A 


Water 


7nil 


N/A 




10 ml Total 



Wash buffer (stored at 4°C): 0.5% Triton XlOO in Ix PBS. 



Illumination buffer 



Final 

O.OOSx PBS 

CE std 1 (A27, ACLARABiosciaices, Inc., Mountain View, CA) 
CEstd2 (fluorescein) 
Water 



ul 



Stock 



50 Ix 
4 5000x 
4 SOOOx 
q942 N/A 
10 ml Total 



Data Analysis: 
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1 . Normalize relative fluorescence units (RFU) signal of each molecular tag against CE 
re&rence standard 2. 

2. Subtract RFU of ''no lysate" background control from corresponding molecular tag 
signals. 

5 3. Report heterodimerization for Her-1 as the corresponding RFU ratiometric to RFU from 
Prol l_anti-Her-3 &om assay wells using biotin-anti-Her-3. 

4. Report receptor phosphorylation for Her-1,2,3 as RFU from Pro2JPT100 anti-phospho- 
Tyr ratiometric to RFU bom Prol l_anti-Her-3 from assay wells using biotni-anti-Her-3 
(data not shown). 

10 

Fig. 9A and 9B show the increases in the numbers of Herl-Her3 heterodimers on 22Rvl and 
AS49 cells, respectively, with increasing concentrations of EGF. 

Example 6 

15 Occurrence of IGF-IR Heterodimers with HerL Her2. 

and Her3 in Breast Tumor Tissue Lvsates 
In this example, cells from 12 different human breast tumor tissues were assayed for the 
presence of Herl-IGF-IR, Her2-IGF-1R, and Her3-IGF-1R dimers using assays essentially the 
same as that illustrated in Fig. 4A. San^le Preparation was carried out as follows: 

20 

1. Snap frozen tissues are mechanically disnQ)ted at the frozen state by cutting. 

2. Transfer tissues to microfiige tube and add 3x tissue volumes of lysis buffer followed by 
vortexing to disperse tissues in buffer. 

3 . Licubate on ice for 30 min with intermittent vortexing to mix. 
25 4. Centrifuge at 14,000 rpm,4'*C, for 20 min. 

5. Collect supematants as lysates and determine total protein concmtration with BCA assay 
(Pierce) using a small aliquot 

6. Aliquot the rest for storage at -80°C until use. 

30 The assay was set iQ> as follows. 

1. The total assay volume is 40 ul. 

2. The lysates are tested in serial titration series of 40, 20, 10, 5, 2.5, 1 .25, 0.63, 0.31 ug 
total-equivalents and the volume is adjusted to 30 ul with lysis buffer. Data from the titration 

35 series confirm the specificity of the dimerization. 

3. A universal antibody mix conqnising of all binding conqsounds and biotin antibody 
diluted in lysis buffer is used at concentrations given below. 
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Final concentrations of pre-mixed antibodies in reactions: 

Prol0_anti-Her-2: 0.lug/ml 
Prol4_anti-Her-l: 0.1 ug/ml 
Proll^anti-Her-S: 0.1 ug/ml 
Pro7_anti-IGF-lR: 0.1 ug/ml 
Pro2_anti-phospho-Tyr: 0.2 ug/ml 
Biotin_anti-Her-2: 2 ug/ml 

Procedure: 

1. To assay 96-weUs, add 5 ul universal reaction mix to 30 ul lysate and incubate for 1 hour 
atRT. 

2. Add 5 uls1repatvidin-<ierivatized molecular scissor (final 4 u^^^ 
incubate for 45 min. 

3. Add 150 ul of of PBS with 1% BSA to 96-well filterplate (MiUipore MAGVN2250) and 
incubate for 1 hr at RT for blocking. 

4. Enq)ty filter plate by vacuum suction. Tranrfer assay reactions to filter plate and apply 
vacuum to empty. 

5. Add 200 ul wash buffer and apply vacuum to enq>ty. Repeat one time. 

6. Add 200 ul illumination buffer and apply vacuum to enq)ty. Repeat one time. 

7. Add 30 ul illumination buffer and illuminate for 20 min. 

8. Transfer 10 ul of each reaction to CE assay plate for analysis using: (i) CE equipment 
ABI3100, 22 cm capillary, (ii) CE injection conditions: 5 kV, 70 sec, 30**C, and (iii) CE run 
conditions: 425 sec, 30°C 

Data Analysis: 

1 . Normalize RFU signal of each molecular tag against CE reference standard 1 . 

2. Look for titratable signals for each molecular tag. Signals that do not titrate are assumed 
to be non-specific signals and are not used for data interpretation. A cut off value is 
determined based on the values fcom a large set of normal tissues where dimerization signals 
are expected to be absent or at the lowest. These values also represent the basal level of 
dimerization on the normal tissues to which tumor tissues are conq>ared 

3. Heterodimerization is reported for IGF-IR with Hcr-l or Hcr.2 or Her-3 as the 
corresponding specific RFU. 
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Two out of the twelve breast tumors assayed expressed Herl-IQF-IR, Her2-IGF-1R, and HcrS- 
IGF-IR heterodimers, as shown in Figs. lOA-C. Hie lines in each figure panel shows the trend 
between receptor heterodimer quantity measured and amount of lysate assayed for the two breast 
tumor sanq)les that were positive for flie indicated heterodimers. 

5 

Example 7 

PI3K/Her-3 Receptor Activation Complex 
In this exan5)le, assays were designed as shown in Figs. 11 A and 1 IC to measure a 
receptor complex comprising Her2, Her3, and PDK in breast cancer cell line, MCT-7. Binding 

10 compound (1 106) having a first molecular tag ("mT," in the figure and "eTagl" below) is 

specific for the extracellular domain of Her3 receptor (1 102), binding compound (1 1 10) having a 
second molecular tag CmTl" in the figure and "eTag2" below) is specific for the pi 85 
component (1111) of PDK protein (1 100), and cleaving probe (1 108) having a photosensitizer 
attached ( is specific for the intracellular domain of Her3 receptor (1 102) where "H2" indicates a 

15 Her2 receptor (1 104), "H3" indicates a Her3 receptor (1 102), '*p85" and ••pi 10" are con5)onents 
of PB kinase (1 100), which binds to a phosphorylation site of H3 (denoted by "P") tturough its 
p85 moiety. The two assay designs are similar, except that in the design of Fig. 1 1 A the cleaving 
probe is specific for the Her3 receptor, and in the design of Fig. 1 IC, the cleaving probe is 
specific for the p85 con^)onent of PD kinase. The assays were carried out as follows. 

20 Sample Preparation: 

1 . Serum-starve breast cancer cell line culture overnight before use. 

2. Stimulate cell lines with HRG in culture media for 10 minutes at 37'*C. Exemplaiy doses of 
HRG are 0, 0.032, 0.16, 0.8, 4, 20, 100 nM for MCF-7 cells. 

3 . Aspirate culture media, transfer onto ice, and add lysis buffer (described above to lyse cells 
25 in situ. 

4. Scrape and transfer lysate to microfixge tube. Incubate on ice for 30 min. Microfiigeat 
14,000 rpm, 4°C, for 10 min. 

5. Collect supematants as lysates and aliquot for stomge at -80**C until use. 



Lysis Buffer (made fiesh and stored on ice): 






Fiaal 


ul 


Stock 


1% Triton X-100 


1000 


10% 


20mMTris-Ha(pH7.5) 


200 


IM 


lOOmMNaCl 


200 


5M 


SOmMNaF 


500 


IM 


SO mM Na beta-glycerophosphate 


1000 


0.5 M 
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ImMNajVOA 10° ^'^^ 

SmMEDTA 100 0.5 M. 

10 ug/xnl pepstatin 100 1 mg^ml 

1 tablet (per 10 ml) Roche Complete protease inhibitor (#1836170) N/A N/A 
5 Water 6500 N/A 

lOmlTotal 

Assay design: Re(^torconq>lex formation is quantified ratiometricaBy based ^ 
schematics illustrated in each figure. That is, the readout of the assays are the peak ratios of 
10 molecular tags, eTagZ/eTagl. 

The total assay volume is 40 id. The lysate volume is adjusted to 10 ul with lysis buffer. The 
antibodies are diluted m lysis buffer up to 20 ul. Typically -5000 to500,000 cell-equivalent of 
lysates is used per reaction. 

Procedure: Working concentrations of pre-mixed antibodies prior to adding into reaction: 
15 For Her-3/PDK conq)lex with cleaving probe at Her-3 (flie design of Fig. 1 1 A) 



eTagl^anti-Her-B at 10 nM (eTagl was Prol4 in this assay) 
eTag2_anti-PDK at 10 nM (eTag2 was Prol in this assay) 
Biotin_anti-Her-3 at 20 nM 

20 Universal Standard US-1 at 700 nM 

[The Universal Standard US-1 is BSA conjugated with biotin and molecular tag Pro8, which 
is used to normalize the amount of streptavidin-photosensitizer beads in an assay]. The 
molecular tags were attached directly to antibodies by reacting an NHS-ester of a molecular 
tag precursor (see Figs. 4A-4J) with free amines on ttie antibodies using conventional 

25 techniques, e.g. Hennanson (cited above). 

For Her-3/PI3K complex with cleaving probe at PDK (the design of Fig. IIC): 



eTagl_anti-PDK at 10 nM (eTagl was Prol in this assay) 
30 eTag2_anti-Her-3 at 10 nM (eTatg2 was Prol4 in tins assay) 

Biotin_anti-PDK at 20 nM 
Universal Standard US-1 at 700 nM 



9. . To assay 96.well filter plate (Millipore MAGVN2250), add 20 ul antibody mix to 10 ul 
35 lysate and incubate for 1 hour at 4*C. 
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10. Add 10 ul streptavidin-derivatized cleaving probe (final 4 ug/weD) to assay weU and 
incubate for 40 min. 

1 1 . Add 200 ul wash buffer and apply vacuum to empty. 

12. Add 30 ul illumination buffer and illuminate. 

5 13. Transfer 10 ul of each reaction to CE assay plate for analysis. 

Data Analysis: 

5. Normalize relative fluorescence units (RFU) signal of each molecular tag against that of 
10 internal Universal Standard US-1. 

6. Subtract RFU of "no lysate" background control firan corresponding normalized eTag 

reporter signals. 

7. Report receptor complex formation as the ratiometric of normalized eTag2/eTagl signal 
(shown in Figs. IIB and 1 ID). 

15 

Examples 

.<nic/Her-3 Rficeptn r-AHaptnr Interaction 
hi this example, an assays were designed as shown in Figs. 12A and 12C. Jn Fig. 12A, 
Her2 receptor (1200) and Her3 nsceptor (1202) form a dimer in cell surfiice membrane (1204) 
20 andeachreceptorisrepresentedashavingphosphorylatedsites(1209andl210). Shcproteins 
(1206 and 1208) bind to phosphylation sites (1210) and (1209), respectively. A first binding 
compound (1214) and cleaving probe (1216) are specific for different antigenic determinants of 
the extracellular domain of Her2 receptor (1200). A second binding compound (1212) is specific 
for She proteins (1206 and 1208). The assay designs of Figs. 12A and 12C are similar, except 
25 that in the design of Fig. 12A the cleaving probe is specific for the Her2 receptor, and in the 

design of Fig. 12C, the cleaving probe is specific for the Her3 receptor. Thus, in the former case, 
total Her2 receptor is measured, whereas in the latter case total Her3 receptor is measured. The 
assays were carried out as follows. Sample preparation was carried out as above (Example 7). 
Assay design: Receptor con5)lex formation is quantified ratiometrically based on the 
30 schematics illustrated in each figure. That is. in Figs. 12B and 12D the readout of the assays are 
flie peak ratios of mTj/mTi as a fimction of HRG concentration. 

The total assay volume is 40 ul. The lysate volume is adjusted to 1 0 ul with lysis buffer. 
TTie antibodies are diluted in lysis buffer up to 20 ul. Typically about 5000 to 500.000 cell- 
equivalent of lysates is used per reaction. 
35 Procedure: Working concentrations of pre-mixed antibodies prior to adding into reaction: 
For Her-3/Shc complex with cleaving probe at Hct-3 (the design of Fig. 12A): 
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eTagl_anti-Her-3 at 10 nM (eTagl was Prol4 in this assay) 
eTag2_anti-Shc at 10 nM (eTag2 was Prol2 in this assay) 
eTag3_anti-phospho-Tyr at 10 nM (eTag3 was Pro2 in this assay) 
5 Biotin_anti-Her-3 at 20 nM 

Universal Standard US-1 at 700 nM 

For Her-2/Shc complex with cleaving probe at Her-2 (the design of 12A): 

10 eTagl_anti-Her-2 at 10 nM (eTagl was Ptol4 in this assay) 
eTag2_anti-Shc at 10 nM (eTag2 was Prol2 in this assay) 
eTag3^anti«phospho.Tyr at 10 nM (eTag3 was Pro2 in this assay) 
6iotin_anti-Her-2 at 20 nM 
Universal Standard US-1 at 700 nM 

15 

1. To assay 96.well filter plate (Millipore MAGVN2250). add 20 ul antibody mix to 10 ul 
lysate and incubate for 1 hour at 4*C. 

2. Add 10 ul streptavidin-derivatized cleaving probe (final 4 ug/well) to assay well and 

incubate for 40 min. 
20 3. Add 200 ul wash buffer and apply vacuum to enq)ty. 

4. Add 30 ul illumination buffer and illuminate. 

5. Transfer 10 ul of each reaction to CE assay plate for analysis. 



Data Analysis: 

25 1. Normalize relative fluorescence units (RFU) signal of each molecular tag against that of 
internal Universal Standard US-1. 

2. Subtract RFU of '•no lysate" background control firom corresponding normalized signals 
for molecular tags. 

3. Report receptor complex formation as the ratiometric of normalized mTj/mTi signals 
30 (shown in Figs. 12B and 12D) and receptor phosphorylation (data not shown) as mT3/mTl 

signals. 

Example 9 

CoTrelation Between Her2-P er:^ Heterodimer Measurements 
35 and Her3-PDK Complex M easurements 

in Breast Tumor Samples 



58 - 



wo 2004/0923S3 



PCT/US2004/009717 



hi this example, human breast tumor ssnsples were separately assayed using Ihe mefliods 
described above to determine the amounts of Her2-Her3 heterodimers and Ihe amounts of HerS- 
PDK complex. Fig. 13 illustrates data obtained from such assays, which shows that the two 
measurements are correlated. 

5 

Example 10 

Expression of Herl-Her2 and Her2-Her3 H eterodiniers 
in Breast Tumfflf Tissue Lvsa tes and Normal Tissue Lvsates 
Rozen human breast tumor tissue sanq>les and normal tissue sanq)les were obtained 
10 from the William Bainbridge Genomic Foundation (Bainbridge Island. WA). Assays having a 
format as shown in Fig. 3E were performed on 32 tumor tissue samples and 30 normal tissue 
samples. Tumor tissues consisted of a mixture of tumor and normal cdls feat varied from about 
25 percent to over 90 percent according to pathology data siqiplied with the tissues by the 
vendor. Samples were prepared and the assays carried out essentially as described for Examples 
15 2and6. Data is reported as peak area or intensity ofthe separated molecuhur tag released from 
the bmding compound specifically bound to the receptor opposite the cleaving probe. i.e. the 
molecular tag corresponding to "mT," in Fig. 3E. No attempt was made to normalize the signals 
generated according to percentage tumor cells in a sample. 

The data from these measurements are shown m Fig. 14A (Herl-Ha2 heterodimer 
20 measurements) and Fig. 14B (Her2-Her3 heterodimer measurements), where Ihe open squares 
(P) indicate measurements on tumor tissues and the sohd diamonds (♦) indicate measurements 
on normal tissues. The data show that tumor cells in substantial fractions ofthe tumor tissue 
samples express large amounts of Herl-Her2 heterodimers and Her2-Her3 heterodimers relative 
to those esqnessed in the cells of the normal tissue samples. 

25 

Example 11 

Ma^ yarement of Receptor Dimers in Form alin Fixed 
Paraffin Embedd pH Tissue Samples 
In this example, model fixed tissues made from peUeted ceU lines were assayed for the 
30 presence of Her receptor dimers. The assay design for heterodimers was essentially the same as 
that described in Fig. 4A, with exceptions as noted below. That is, four components are 
employed: (i) a cleaving probe comprising a biotinylated monoclonal antibody conjugated to a 
cleavage-inducing moiety (in this example, a photosensitizer-derivatized streptavidin, as 
iUustrated in Fig. 3E) and specific for one ofthe receptors ofthe dimer, (ii) a monoclonal 
35 antibody derivatized with a first molecular tag and specific for the same receptor as the cleaving 
probe, (iii) a monoclonal antibody derivatized with a second molecular tag and specific for the 
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receptor opposite to that the cleaving probe is specific for, and (iv) a monoclonal antibody 
derivatized with a third molecular tag and specific for an intraceUular phosphorylated tyrosine. 
The assay design for homodimets was essentially the same as that described in Fig. ID, with 

exceptions as noted below. 
5 hi each case, model fixed tissues were prepared as follows: cells grown on tissue culture 

plates were stimulated with either EGF or HRG as described in the prior examples, after which 
they were washed and removed by scrapping. The removed cells were centrifuged to form a 
pellet, after which formalin was added and the mixture was incubated overnight at 4°C. The 
fixed pellet was embedded in parafBn using a Miles Tissue Tek ffl Embedding Center, after 
10 which 10 pm tissue sections were sliced firan the pellet using a microtome (Leica model 2145). 
Tissue sections were placed on positively charged glass microscope sKdes (usually multiple 
tissue sections per slide) and baked for 1 far at 60°C. 

Tissue sections on the slides were assayed as foUows: Tissue sections oa a slide were 
de-waxed with EZ-Dewax reagent OBiogenex, San Ramon, CA) using the manufecturer's 
15 recommended protocol. Briefly, 500 fiL EZ-Dewax was added to each tissue section and the 
sections were incubated at RT for 5 min, after which flie slide was washed with 70% EtOH. Tins 
step was repealed and the slide was finally rinsed with deionized water, after which flie sKde was 
incubated in water at RT for 20 min. The sUde was then immersed into a IX Antigen Retrieval 
solution (Biogenesis, Brentwood, NH) atpH 10, after which it was heated for 15 min in a 
20 microwave ova» (5 min at high power setting followed by 10 min at a low powar setting). After 
cooling to RT (about 45 min), the slide was placed in a water bath for 5 min, then dried. Tissue 
sections on the dried slide were circled with a hydrophobic wax pen to'create regions capable of 
containing reagpnts placed on the tissue sections (as illustrated in Figs. 3H-3I), after which fee 
slide was washed three times in IX Perm/Wash (BD Biosciences). To each section 50-100 fiL 
25 blocking buffer was added, and the dide was placed in a covered humidified box containing 
deionized water for 2 hr at 4«C, after which the blocking buffer was removed firom each section 
by suction. (Blocking buffer is IX Perm/Wash sohition with protease inhibitors (Roche), 
phosphatase inhibitors (sodium floride, sodium vanadate, p-gjyoerol phosphate), and 10% mouse 
serum). To each section 40-50 pL of antibody mix containing binding compounds and cleaving 
30 probe was added (each at 5 jig/hiL, except that biotin-Ab5 (anti-Herl) was at 10 jig/mL in the 
Herl-Her2 assay), and fee slide was placed in a humidified box overnight at 4»C. The sections 
were feen washed three times wife 100 \iL Perm/Wash containing protease and phosphatase 
inhibitors, after which 50 pL of photosensitizer in IX Perm/Wash solution (containing protease 
and phosphatase inhibitors) was added. The sUde was feen incubated for 1-1.5 hr at 4''C in fee 
35 dark in a humidified box, after which fee photosaisitizer was removed by suction while keeping 
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die slide in the dark. While remaining in the dark, the slide was then immersed in .OIX PBS and 
incubated on ice for 1 hr. The slide was remove from the PBS, dried, and to each section, 40-50 
\jlL O.OIX PBS with 2 pM fluorescein was added, after which it was illuminated with a hi^ 
power laser diode (GaAIAs IR emitter, model OD.880W, OPTO DIODE CORP. Newbury Park, 
CA) for 1 hr. The fluorescein acts as a standard to assist in correlating peaks in an 
electropherogram with moleuclar tags. After illumination, the solution covering each tissue 
section was mixed by gentle pipeting and transferred to a CE plate for analysis on an Applied 
Biosystems (Foster City, CA) model 3100 capillary electrophoresis instrument. 

Fig. 15A shows data from analysis of Herl-Herl homodimcrs and receptor 
phosphorylation in sections from fixed pellets of breast adenocarcinoma ceU line. MDA-MB-468 
(ATCC accession no. HTB-132), prepared from eiflier non-stimulated cells or cells stimulated 
wifli 100 nM EOF. Biotinylated anti-Herl monoclonal antibody OLabvision) at 2 \ie/mL was use 
as the primary antibody of flie cleaving probe (for cleavage methylene-blue derivatized 
streptavidin (described above) was attached toou^ fte biotin). ProlO-dcrivatized anti-Herl 
monoclonal antibody (Labvision) at 2 jig/mL was used to measure homodimerized Hcrl. Prol- 
derivatized anti-Herl monoclonal antibody (Ubvision) at 0.8 HgfeaL was used to measure total 
Herl . Unlabeled antibody Ab-5 was also included in the reactions at 3.2 ng/mL. Pn)2- 
derivatized monoclonal antibody (anti-phosphoiylated-Tyr, Cell Signaling) at 0.5 \iefmL was 
used to measure intracellular phosphorylation. The data from fixed tissue measurements confirm 
and are consistent with measurements on cell lysates that show increases in Her 1-Her 1 
homodimcr expression and intracellular phosphoryation due to EOF stinnilation. 

Fig. 15B shows data from analysis of Her2-Her2 homodimers and receptor 
phosphorylation in sectiions from fixed pellets of breast cancer cell lines MCF-7 and SKBR-3. 
All monoclonal antibodies used as cleaving probes or binding confounds were used at 
concentrations of 5 ^ig/mL. Iq order to generate better cleavage, in tiiis assay two cleaving 
probes were enq)loyed, one directed to an extracellular antigenic determinant of Her2 and one 
directed to an intcBcellular antigenic determinant of Her2. The data from fixed tissue 
measurements confirm that SKBR3 cells express higher levels of Her2-Her2 homodimers than 
MC3F-7 cells. 

Fig. 15C shows data from analysis of Herl-Her2 heterodimers and receptor 
phosphorylation in sections from fixed pellets of breast adenocarcinoma cell line, MCF-7, 
prepared from either non-stimulated cells or cells stimulated with 40 nM EOF. Two cleaving 
probes were employed one comprising anti-Herl monoclonal antibody (at 5 ^ig/mL) and the 
other comprising anti-Herl monoclonal antibody (at 10 jxg^) (both from Labvision) in order t< 
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increase the rate at which molecular tap wen released. The data show Aat increases in Harl- 
Her2 heterodimer expression due to EOF stimulation is detected in fixed tissue. 

Fig. 1 5D shows data from analysis of Herl-He^ heterodimers and receptor 
phosphorylation in sections bom fixed pellets of breast adenocarcinoma cell line, 22Rvl, 
prepared from either non-stimulated cells ot cells stimulated with 100 nM EGF. Again, 
measurements on fibced tissues demonstrates the up-regulation of Herl-Her2 dimeis and Her 
receptor phosphorylation in response to treatment with EGF. 

Fig. 15E shows data fiiom analysis of Her2-Her3 heterodimers and receptor 
phosphorylation in sections fixmi fixed pellets of breast adenocarcinoma cell line, MCF-7, 
prepared fiom either non-stimulated cdls or cells stimulated with 40 nM HRG. In this example, 
binding reactions and cleavage reactions took place in tubes containing sections, rather ftan 
microscope sUdes. Otherwise, the protocol was essentially tfie same as that for detecting the 
Herl-He^ dimers. CFor exanq)le, washing steps are carried out by centrifugation). The data 
show that increases in Hei2-Her3 heterodimer expression due to HRG stimulation is detected in 
fixed tissue. 

Fig. 15F shows data fiom analysis of H«c2-Her3 heterodimers and PDK-Her3 dimers in 
sections fiom fixed pdlets of MCF-7 cells either non-stimulated or stimulated with 40 nM HRG. 
The assay design for PDK-Her3 was essentially as described in Fig. 11 A. The above fixation 
protocol was followed in both cases, except that neither sample was treated with antigen retrieval 
reagents. The data show that Her2-Her3 dimers increased with treatinent by HRG, but that the 
amount of PBK-Her3 dimer remained essentially unchanged. 

Fig 15G shows data fi-om analysis of total PDK, total Her2-Her3 dimer, and total Her3 
all relative to amount of tubulin. Tubulin was measured in a conventional sandwich-type assay 
employing a cleavage probe and a binding compound with a molecular tag. Tubulin was 
measured to test procedures for normalizing dimer measurement against a target representative of 
total cell number in a sample, which may be required for measurements on samples wiA 
heterogeneous cell types. The data show that the ratios of PDK-Her3 and Hei2-Her3 to tubulin 
are qualitatively the same as the measurements directiy on PDK-Her3 and Ha2-Her3. 
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What is claimed is: 

1 . A method of detennining disease status of a patient sufFering from a disease 
characterized by aberrant expression of one or more cell surface receptor complexes, the method 

S comprising the steps of: 

measuring directly in a patient sample an amount of each of one or more cell surface 
receptor complexes; 

conq)aring each such amount to its corresponding amount in a reference saiEQ)le; and 
correlating differences in &e amoimts from the patient sample and the respective 
1 0 corresponding amounts from the reference sample to the disease status the patient 

2. The method of claim 1 wherein said patient sample is a fixed tissue sanople or a frozen 
tissue sample. 

15 3. The method of claim 2 wherein said one or more cell surface receptor complexes are one 
• or more receptor tyrosine kinase conq)lexes and wherein said disease is a cancer. 

4. The method of claim 1 wherein said one or more cell surface receptor conq)lexes are one 
or more PDGF receptor complexes. 

20 

5. The method of claim 4 wherein said one or more PDGF receptor complexes are selected 
from the group consisting of PDGFRa homodimers, PDGFRp homodimers, PDGFRa- PDGFRp 
heterodimers, PDGFR-SHC complexes, PDGFR-PBK con^lexes, Herl-PDGFR receptor 
dimers, Her2-PDGFR receptor dimers, Her3-PDGFR receptor dimers, and PDGFR-IGF-IR 

25 receptor dimers. 

6. Hie method according to claims 4 or 5 v4ierein said disease is cancer or wherein said 
disease is associated witii an aberrant fibrotic condition. 

30 7. The mefliod of claim 6- wherein said cancer is selected from the group consisting of 
breast cancer, ovarian cancer, and glioblastoma. 

8. The method of claim 7 wherein said one or more PDGF receptor complexes are 
detennined by the steps of: 
35 providing for each of said one or more PDGF receptor complexes a reagent pair 

conq)ri5ing a cleaving probe having a cleavage-inducing moiety with an effective proximity, and 
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one or more binding con5>ounds each having one or more molecular tags attached thereto by a 
cleavable linkage, fee molecular tags of different binding compounds having different separation 
characteristics; 

mixing the cleaving probe and the one or more binding compounds for each of said one 
5 or more PDGF receptor coir5)lexes with said patient sample such that the cleaving probe and the 
one or more binding conqpounds specifically bind to their respective PDGF receptor complexes 
and the cleavable linkages of the one or more binding compounds are within the effective 
proximity of the cleavage-inducing moiety so that molecular tags are released; and 

separating and identifying the released molecular tags to determine flie presence or 
10 absence or the amount of said one or more PDGF receptor con5)lexes in said patient sample. 

9. The method of claim 1 wherein said one or more cell surface receptor complexes are one 
or more VEGF receptor complexes. 

15 10. The method of claim 9 wherein said one or more VEGF receptor coii?>lexes are selected 
from the group consisting of VEGFRl homodimers, VEGFR2 homodimers, VEGFR1-VEGER2 
heterodimers, VEGFR2-VEGFR3 heterodimers, VEGFR2.SHC conq)lexes, and VEGFK3-SHC 
complexes. 

20 11. The metiiod according to clauns 9 or 10 wherein said disease is cancer or wherein said 
disease is associated with aberrant angiogenesis. 

12. Tbs method of claim 1 1 wherein said one or more VEGF receptor conq)lexes are 
determined by the steps of: 
25 providing for each of said one or more VEGF receptor complexes a reagent pair 

comprising a cleaving probe having a cleavage-inducing moiefy with an effective proximity, and 
one or more binding compounds each having one or more molecular tags attached Aereto by a 
cleavable linkage, the molecular tags of diflFerent binding conq)Ounds having different separation 
characteristics; 

30 mixing the cleaving probe and the one or more binding compounds for each of said one 

or more VEGF receptor conq)lexes with said patient sample such that fee cleaving probe and fee 
one or more binding compounds specifically bind to feeir respective VEGF receptor complexes 
and fee cleavable linkages of fee one or more binding compounds are within fee effective 
proximity of fee cleavage-inducing moiety so that molecular tags are released; and 

35 separating and identifying fee released molecular tags to determine fee presence or 

absence or fee amount of said one or more VEGF receptor complexes in said patient sample. 
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13. The method of claim 1 wherein said one or more cell surface receptor complexes are 
receptor dimers selected from the group consisting of VEGFRl(Fltl)-VEGFR2(KDR), 
VEGFR2(KDR)-VEGFR2(KDR), PDGFRa-PDGFRa, PDGFRa-PDGFRp, PDGFRP-PDGFRp, 

5 Kit/SCFR homodimers, an FGFR dimer, NGFR(TrkA)-NGFR(TilcA), aj-adrenergic receptor 
homodimer, a2-adrenergic-p2-adrenergic receptor heterodimer, Pi-adrenergic receptor 
homodimer, GABAbR1-GABAbR2 receptor heterodimer, ATD receptor homodimer, 
cholescystokinin-dopamine receptor heterodimer, bradykininin B2 receptor homodimer, M2-M3 
muscarinic receptor heterodimer, CCR2 receptor homodimer, ji-S opioid receptor heterodimer, 

10 Dl dopamine receptor homodimer, 5-HT 1B-5-HT ID receptor heterodimer, D2 dopamine 

receptor homodimer, a2c-adrenergic-M3 muscarinic receptor heterodimer, D3 dopamine receptor 
homodimer, and Pa-adrenergic-S opioid receptor heterodimer, 

14. The method of claim 1 3 wherein said one or more receptor dimers are determined by the 
15 steps of: 

providing for each of said one or more receptor dimers a reagent pair cornprising a 
cleaving probe having a cleavage-inducing moiety wift an effective proxinaity, and one or more 
binding compounds each having one or more molecular tags attached fhereto by a cleavable 
linkage, the molecular tags of different binding confounds having different separation 
20 chaFacteristics; 

mixing the cleaving probe and the one or more binding conipoimds for each of said one 
or more receptor dimers witii said patient sample such that the cleaving probe and fte one or 
more binding compounds specifically bind to their respective receptor dimers and flie cleavable 
linkages of the one or more binding conqpounds are within tiie effective proximity of the 
25 cleavage-inducing moiety so tiiat molecular tags are released; and 

separating and identifying the released molecular tags to determine the presence or 
absence or the amount of said one or more receptor dimers in said patient sample. 

15. A method of selectmg a patient for treatment of a cancer with one or more dimer-acting 
30 drugs, the method conq)rising the steps of: 

isolating a patient sample containing cdncer cells from a patient 
measuring directly in the patient sample an amoimt of each of one or more cell sur&ce 
receptor dimers; 

conqjaring each such amount to its corresponding amount from a reference sample; and 
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selecting the patient for treatment with one or more dimer-acting drugs whenever an 
amount of one or more cell surfece receptor dimers from the patient sample exceeds the 
respective corresponding amount from the reference sample. 

5 16. The mefliod of claim 15 wherein said cell surfece receptor dimer is a VEGFR dimer and 
said dimer-acting drug is selected from tiie group consisting of PTK787/K222584, ZD6474, 
SU6668, SUl 1248, CHR200131, CP547632, AG13736. CEP7055/5214, and KRN633. 

17. The method of claim 15 wherein said cell surfece receptor dimer is a PDGFR dimer and 
10 said dimer-acting drug is selected from the group consisting of SU6668. SUl 1248, AG13736, 

CHR200131. 

18. The mefliod of claim 15 wherein said cell surfece receptor dimer is an FGFR dimer and 
said dimer-acting drug is selected from the group consisting of CP547632 and CHR200131. 

15 

19. The mefliod according to claims 15, 16, 17, or 1 8 wherein aid one or more cell surfece 
receptor dimers are determined by the steps of: 

providing for each of said one or more cell surface recqptor dimers a reagent pair 
comprising a cleaving probe having a cleavage-inducing moiely wifli an effective proximity, and 
20 one or more binding con5>ounds each having one or more molecular tags attached thoreto by a 
cleavable linkage, the molecular tags of different binding compounds having diflferent separation 
characteristics; 

mixing the cleaving probe and flie one or more binding congjounds for each of said one 
or more cell surface receptor dimers witti said patient sample such that the cleaving probe and flie 
25 one or more binding compounds specifically bind to flieir respective ceU surface receptor dimers 
and flie cleavable linkages of the one or more binding compounds are wifliin the effective 
proximity of the cleavage-inducing moiety so fliat molecular tags are released; and 

separating and identifying the released molecular tags to determine the presence or 
absence or flie amount of said one or more cell surface receptor dimers in said fixed tissue 
30 sample. 

20. The method of claim 19 wherein said patient sample is a fixed tissue sample, a frozen 
tissue sample, or circulating epithelial cells. 

35 
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21 . A method of determining disease status of a patient suffering from a disease 
characterized by aberrant expression of one or more cell surface receptor complexes, the method 

5 comprising the steps of: 

measuring directly in a patient sample an amount of each of one or more cell surfece 

receptor complexes; 

comparing each such amount to its corresponding amount in a reference sanq)le; 
correlating differences in the amounts from tibe patient sample and the respective 
1 0 corresponding amounts from the reference sample to the disease status the patient and 

wherein each of said one or more cell surface receptor complexes are determined by tiie 
steps of: 

providing for each of said one or more cell surfece receptor complexes and one or more 

tissue indicators a reagent pair comprising a cleaving probe having a cleavage-inducing moiety 
15 with an effective proximity, and one or more binding compoimds each having one or more 

molecular tags attached thereto by a cleavable linkage, flie molecular tags of different binding 

compounds having different separation characteristics; 

mixing the cleaving probe and the one or more binding compounds for each of said one 

or more cell surface receptor complexes and one or more tissue indicators with said patient 
20 san5)le such that flie cleaving probe and fee one or more binding compounds specifically bind to 

their respective targets and the cleavable linkages of the one or more binding compounds are 

within flie effective proximity of the cleavage-inducing moiety so that molecular tags are 

released; and 

separating and identifying the released molecular tags to determine the presence or 
25 absence or the amount of said one or more cell surface receptor complexes in said patient sample. 

22. The method of claim 21 wherein said disease is a cancer and wherein said patient sample 
is a fixed tissue sanq)le, a frozen tissue sample, or circulating epithelial cells. 



30 



23. The method of claim 22 wherein said disease status is responsiveness of said patient to 
treatment with a dimer-acting drug. 

24. The method of claim 22 wherein said cancer is selected from the group consisting of 
breast cancer, ovarian cancer, prostate cancer, and colorectal cancer. 
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25. The method of claim 22 wherein said one or more cell sur&ce receptor coniplexes are 
selected from the group consisting of PDGFRa homodimers, PDGFRP homodimers, PDGFRa- 
PDGFRP heterodimers, PDGFR-SHC con?)lexes, PDGFR-PDK complexes, Herl-PDGFR 
receptor dimers, Her2-PDGFR receptor dimers, Her3-PDGFR receptor dimers, PDGFR-IGF-IR 

5 receptor dimers, VEGFRl homodimers, VEGFR2 homodimers, VEGFR1-VEGFR2 

heterodimers, VEGFR2-VEGFR3 heterodimers, VEGFR2-SHC complexes, and VEGFR3-SHC 
complexes. 

26. The me&od according to claims 21 , 22, 23, 24, or 25 wherein said tissue indicators are 
10 tubulin or cytokeratin. 
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